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O (54) Title: AGENT FOR USE IN METHOD OF TREATMENT 
i-H 

(57) Abstract: The present invention relates to a method of treating a condition comprising administering a pharmaceutically effec- 

tive amount of an inhibitor of the Tec family of protein tyrosine kinases (PTKs). The condition is typically associated with cytokine 
^ production. Conditions addressed by the invention include sepsis, septic shock, inflammation, rheumatoid arthritis and Crohn's dis- 

ease. In one embodiment, the condition is induced by zymosan. The invention also provides the use of an inhibitor of a member 
Q or members of the Tec family of PTKs in the manufacture of a medicament for use in the treatment of a condition associated with 

cytokine production and methods for identifying an inhibitor of a member or members of the Tec family of PTKs which is also 
^ suitable for use in the treatment of a condition associated with stimulus-induced cytokine production. 
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AGENT FOR USE IN METHOD OF TREATMENT 

The invention relates to the use of inhibitors of the Tec family of protein 
5 tyrosine kinases to treat a condition. Typically the condition is associated with 
cytokine production, particularly TNF and IL-1(3 production. The condition 
may be sepsis, septic shock and/or inflammation. 

Toll-like receptors (TLRs) are a group of germline-encoded receptors known in 
10 the art (Rock et al (1998) PNAS 95, 588-593). 9 TLRs are currently known (Du 
et al (2000) Eur Cytokine Netw 11, 362-371) and many more expected to exist. 

Although the extracellular portions of Toll-related receptors (TRRs), including 
TLRs, IL-1R and IL-18R, are relatively divergent, the cytoplasmic portions are 

15 more conserved. They contain a well-defined region known as the toll domain, 
which is also found in the cytoplasmic portion of proteins comprising the IL-1 
receptor, the IL-1 8 receptor and other receptors broadly termed the IL-1 
receptor family. In addition, soluble cytoplasmic proteins such as MyD88 can 
have Toll domains. TLRs and IL-1 receptor use an analogous framework of 

20 signalling; upon ligand binding, they recruit the adaptor molecule MyD88 
through homotypic interactions with a toll domain that MyD88 contains in its 
C-terminus. MyD88, in turn, recruits IRAK, TRAF-6 and TollIP to activate 
NF-kB and mitogen-activated protein kinases (O'Neill & Dinarello (2000) 
Immunol Today 21, 206-209; Burns et al (2000) Nature cell Biol. 2, 346-351). 

25 

The MyD88 (myeloid differentiation protein) is considered to have a modular 
organisation consisting of an N-terminal death domain (DD) separated by a 
short linker from a C-terminai Toll domain (reviewed in Burns et al (1998) J 
Biol Chem 273, 12203-12209). The N-terminal DD is related to a motif of 
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approximately 90 amino acids that is considered to mediate protein-protein 
interactions with other DD sequences forming either homo- or heterodimers 
(Boldin et al (1995) J Biol Chem 270, 387-391). 

5 The MyD88 Toll domain has about 130 amino acids (Mitcham et al (1996) J 
Biol Chem 199, 144-146). Toll domains are also considered to mediate protein- 
protein interactions with other Toll domains forming either homo- or 
heterodimers (see Burns et al (1998) J Biol Chem 273, 12203-12209). 

10 DD and Toll-Toll interactions are considered to be involved in directing signalling 
pathways. MyD88 is considered to bind via its Toll domain to TLRs and the IL-1 
receptor (when bound to ligand). In turn, MyD88 is considered to bind via its DD to 
other DD-containing proteins; in particular it is considered to bind to IRAK and 
TRAF-6, thereby activating NF-kB and mitogen-activated protein kinases (O'Neill & 

15 Dinarello (2000) Immunol Today 21, 206-209). 

TRRs include components of the mammalian anti-microbial response (Wyllie 
et al (2000) J. Immunol 165(12), 7125-7132) and many TRR ligands are 
known in the art. Individual TLRs are known to activate, inter alia, specialised 
20 anti-fungal or anti-bacterial genes through the activation of the NF-kB 
transcription factors (O'Neill & Dinarello (2000) Immunol Today 21, 206-209). 

TLRs, possibly in combination with IL-1R, are known to bind bacterial DNA 
(CpG-DNA) to intiate innate defense mechanisms against infectious pathogens 
25 in vivo (Hacker et al (2000) J. Exp. Med., 192(4), 595-600). 

TLR2 has been demonstrated to bind microbial ligands (Hertz et al (2001) J. 
Immunol, 164(4), 2444-2450), factors from Gram positive bacteria (Takeuchi 
etal (2000)7. Immunol 165(10), 5392-5396), reactive oxygen species (ROS) 
30 produced during oxidative stress (Frantz et al, J. Biol Chem., 16 November 
2000), lipoteichoic acid, lipopeptides, glycans and, in combination with TLR6, 
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modulin secreted from Gram positive bacteria such as Staphylococcus 
(Ozinsky et al (2000) Proc. Natl. Acad Set USA, 97(25), 13766-13771; Hajjar 
et al (2001)7. Immunol, 166(1), 15-19) and other factors from Staphylococcus 
arueus bacteria (Takeuchi et al (2000) 1 Immunol 165(10), 5392-5396). 
5 TLR2 confers responsiveness to bacterial peptidoglycan and lipoteichoic acid 
as well as yeast carbohydrates such as the yeast cell-wall particle zymosan. 
This suggests that TLR2 principally mediates signals from yeast and Gram- 
positive bacteria (Underhill et al (1999) Nature 401, 811-815), possibly as a 
functional pair with TLR6 or TLR1 (Ozinsky et al (2000) Proa Natl Acad. 
10 Sci. USA, 97(25), 13766-13771). Macrophage phagocytosis of zymosan is 
accompanied by secretion of the inflammatory mediator tumour necrosis 
factor-a (TNF-a). However, the signalling pathway that elicits TNF-ct 
production is unknown (Underhill et a/ (1999) Nature 401, 811-815). 

15 TLR 1 has been shown, possibly as a dimer with TLR2, to bind soluble factors 
from Niesseria meingitidis and LPS (possibly either complexed to other 
molecules) (Wyllie et al (2000) J. Immunol 165(12), 7125-7132). 

Endogenous lumenal bacterial flora, which can be responsible for irritable 
20 bowel disease (IBD) including Crohn's disease and ulcerative colitis, have 
been shown to act due to changes in the regulation of expression of TLR2, 
TLR3, TLR4 and TLR5 (Cario & Porolsky (2000) Infect. Immun., 68(12), 
7010-7017). 

25 TLR 4 acts as a receptor for bacterial lipopolysaccharide (LPS), such as 
Escherichia and Salmonella LPS (Poltorak et al (1998) Science 282, 2085- 
2088; Tapping et al (2000) 1 Immunol 165(10), 5780-5787) and has been 
shown to confer responsiveness to Gram negative bacteria (Underhill et al 
(1999) Nature 401, 811-815. Data suggests that at least some LPS may act 

30 through TLR4 in association with CD 14 (Schroder et al (2000) J. Immunol 
165(5), 2683-2693) or in association with CD14 and CDllb/CD18 (Perera et 
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al (2001) J. Immunol 166(1), 574-581). The LPS mimetic Taxol has also 
been shown to act through TLR4 and CD 18 (Perera et al. (2001) Immunol. 
166(1), 574-581). The TLR RP105 has also been implicated in LPS signalling 
in cooperation with TLR4 in B cells (Ogata et al (2000) /. Exp. Med, 192(1), 
5 23-29). TLR4 has also been shown to bind the EDA domain of fibronectin, 
fragments of which have been implicated in physiological and pathological 
processes, especially tissue remodeling associated with inflammation, such as 
rheumatois arthritis (RA). 

10 Lipopolysaccharides (LPS) are the principle biochemical constituents of the 
external covering which characterises all Gram-negative bacteria. LPS play a 
major pathogenic pathophysiologic and immunologic role in Gram-negative 
infections. They are a major cause of the physiological effects associated with 
sepsis and septic shock. Accordingly, being able to inhibit the LPS-induced 

15 inflammatory pathway is important. 

LPS stimulates immune responses by interacting with the membrane receptor, 
CD 14, possibly associated with toll-like receptors 2 and 4, to induce the 
generation of cytokines such as tumour necrosis factor-a (TNF-a), interleukin- 

20 1 (IL-1) and interleukin-6 (IL-6). Cytokines such as TNF, interleukins 1-18 
and transforming growth factors (TGF) act in a complex interacting network on 
leucocytes, vascular endothelial cells, mast cells, haemopoietic stem cells, 
fibroblast and osteoclasts, controlling proliferation, differentiation and/or 
activation through autocrine or paracrine mechanisms. Several cytokines, for 

25 example TNF-a and IL-1 are important inflammatory mediators and have been 
implicated in several chronic inflammatory and autoimmune diseases such as 
rheumatoid arthritis, Crohn's disease and sepsis. The cytokines are being 
increasingly studied because of their importance in the formation of 
inflammatory and autoimmune diseases. 

30 
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At present the mechanism by which the LPS signal is transduced from the 
extracellular membrane to the nucleus is not fully elucidated. One of the 
earliest signals detected in response to LPS binding to its receptor, CD 14, is the 
activation of protein tyrosine kinases (PTKs), in particular the Src-family 
5 kinases p561yn, p58hck and p59c-fgr (Stefanova et al (1993) J. Biol Chem. 
268(28), 20725-20728; Beaty et al (1994) Eur. J. Immunol, 24, 1278-1284; 
Herrera-Velti & Reiner (1996), Am. Associat. Immunol, 156, 1157-1165) . In 
a study using human monocytes it has been shown that LPS rapidly activates 
CD14-associated p561yn simultaneously with PTKs p58hck and p59c-fgr 

10 (Stefanova et al (1993) J. Biol Chem. 268(28), 20725-20728). Furthermore, 
Stefanova et al (1993, J. Biol Chem, 268(28), 20725-20728) demonstrated 
that inhibition of PTKs with herbimycin A completely blocks LPS-induced 
production of TNF-ct and IL-1. These results thus suggest a critical role for 
PTKs in the LPS/CD14-mediated signal transduction pathway in human 

15 monocytes. Moreover, Geng et al (1993, J. Immunol, 151, 6692-6700) used 
genistein and herbimycin A to block LPS-induced TNF production. However, 
no attempt was made to identify any tyrosine kinases. Novogradsky et al 
(1994, Science, 264, 1319-1322) also used an inhibitor, tyrophostin AG 126 to 
. block TNF production, but again did not identify any tyrosine kinases involved. 

20 

However, a more recent genetic approach (Meng & Lowell (1997) J. Exp. 
Med., 185, 1661-1670) has shown that despite null mutations to lyn, hck, and 
fgr in a single mouse strain, there was no major defects in LPS signalling 
including TNF-a, IL-1 and IL-6 production (although the total protein 
25 phosphotyrosine level was greatly reduced in macrophages derived from these 
triple mutant mice). The data provided evidence that the three Src-family 
kinases p56 lyn, p58 hck and p59 c-fgr are not obligitory for LPS-initiated 
signal transduction. 

30 Bruton's tyrosine kinase (Btk), a member of the Tec family of PTKs, is a non- 
receptor tyrosine kinase that has been shown to involved in B-cell development 
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and B cell receptor (BCR) signalling. Mutations in the Btk gene leads to the 
condition known as X-linked agammaglobulinemia (XLA) in humans and 
XID in mice. 



XLA is the prototypical humoral immunodeficiency first described by Bruton 
in 1952 (Bruton (1952) Pediatrics, 9, 722-727). It is characterised by a paucity 
of circulating B cells and a marked reduction in serum levels of all Ig isotypes, 
which causes susceptibility to recurrent and severe bacterial infections in 
affected males. The XID phenotype is exemplified by a milder 
immunodeficiency than XLA with reduced numbers of mature B cells and 
reduced serum levels of IgM and IgG3 (Perlmutter et al (1979) J. Exp. Med., 
149, 993-998). The defect in XLA is considered to be due to inefficient 
expansion of pre-B cells into later B-cell stages or incomplete differentiation ot 
B-cell precursors to pre-B cells. In 1993, the gene responsible for XLA was 
identified as a cytoplasmic tyrosine kinase, named Bruton' s tyrosine kinase 
(Btk). Btk belongs to a group of related cytoplasmic tyrosine kinases, known 
as the Tec family, and consists of five distinct structural domains, which 
encompass the N-terminus, pleckstrin homology (PH) domain, Tec homology 
(TH) domain (also known as the Btk domain), Src homology 3 (SH3) domain, 
SH2 domain and the catalytic kinase (SHI) domain. The Btk gene analysis has 
facilitated the identification of various mutations, including point mutations, 
insertions or deletions, in XLA cases. iMutations have been identified in all 
five domains of Btk and have been observed to be associated with a reduction 
in Btk mRNA, Btk protein, and kinase activity. Interestingly, the XID 
phenotype in mice is accounted for by a single point mutation within the PH 
domain of the murine gene. 

B cells from xid mice have been shown to fail to proliferate in response to BCR 
cross-linking, by anti-Ig antibodies and are hyporesponsive to LPS (Amsbaugh 
et al. (1972) J. Exp. Med., 136, 931-949; Huber & Melchers (1979) Eur. J. 
Immunol, 9, 827-829; Scher (1982) Adv. Immunol., 33, 1-71). Btk has also 
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been implicated in upregulating nitric oxide production in xid mice 
macrophages in response to various stimuli, and the induction of macrophage 
effector cytokines is poorer in CBA/N than in CBA/J macrophages 
(Mukhopadhyay et al (1999) Immunol., 163, 1786-1792). However, the 
expression of TNF-a in xid mice macrophages in response to LPS-stimulation 
has been demonstrated to be indistinguishable from the response of the wild 
type (Hata et al (1998) J. Exp. Med., 187(8), 1235-1247) thus implying that 
there is no requirement for Btk in LPS-stimulated TNF-a secretion. A similar 
result was achieved by Zhao et al. (1995, J. Immunol., 155, 2067-2076) where 
it was demonstrated that , following stimulation with staphylococcal cell walls, 
there was no significant difference in TNF-a production between xid cells and 
wild type cells. Moreover, Reid et al (1997, J. Immunol, 159, 970-975) 
showed that Btk deficient mice are highly sensitive to endotoxin and have 
impaired clearance of LPS endotoxin. The ability to respond to endotoxin in 
Btk deficient would suggest that Btk is not a requirement for responding to 
bacterial toxins and so one would not expect inhibiting Btk to have an 
oppressive (detrimental) effect on LPS-induced sepsis. 

Against this background, the inventors have attempted to identify signalling 
molecules that are required for expression of cytokines, such as TNF and IL- 
lp. They have found that members of the Tec family of PTKs are involved in 
mediating cytokine production. The Tec family PTKs have been demonstrated 
to play a role in upregulation of cytokine production in response challenges 
with to Toll-related receptor (TRR) ligands. The inventors have shown that Tec 
family PTKs are involved in the signal transduction pathway leading from LPS 
stimulation to TNF and IL-lp production. The inventors have also shown that 
Tec family PTKs are involved in the signal transduction pathway leading from 
zymosan stimulation to TNF production. Thus inhibitors of Tec family PTKs 
may be use to inhibit TRR-mediated signalling pathways leading to cytokine 
production. These results were unexpected, particularly in light of Hata et al 
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(1998, /. Exp. Med., 187(8), 1235-1247), Zhao et al (1995, J. Immunol, 155, 
2067-2076) and Reid et al (1997, J. Immunol, 159, 970-975). The inventors 
have demonstrated that monocytes from patients deficient in Btk expression are 
severely compromised in the ability to produce both TNF-ct and IL-ip in 
5 response to LPS. Moreover, different Tec family PTKs are likely to be 
essential to TRR ligand-induced expression of cytokine in different cell types. 
Inhibition of Btk result in a decrease in the levels of inflammation-associated 
factors such as TNF-ot in monocytes, but Tec is a likely requirement in matured 
macrophages. Thus Tec family PTK inhibitors can be used to decrease 

10 cytokine production, such as TNF-a and IL-ip production, in response to a 
TRR ligand, such as LPS or zymosan. The inventors have developed means of 
reducing the effects of TRR signalling pathways. The effects of TRR ligands 
such as LPS and zymosan can be reduced by inhibition of Tec family PTKs. 
Inhibitors of Tec family PTKs can thus be used to ameliorate the effects of 

15 pathogens, such as Gram-negative bacteria, Gram positive bacteria, and yeast, 
on the host. Since inhibition of Tec family PTK can be used to regulate 
cytokine production, such inhibitors can be used to decrease the inflammatory 
response to disease, to decrease sepsis and septic shock, as well as addressing 
rheumatoid arthritis and Crohn's disease. 

20 

Accordingly the invention provides a method of treating a condition associated 
with cytokine production in a mammal comprising administering a 
pharmaceutically effective amount of an inhibitor of a member of the Tec 
family of protein tyrosine kinases (PTKs). 

25 

By "treating" a condition we include amelioration of the condition to a useful 
extent. We also include prophylactic treatment. 

The invention also provides the use of an inhibitor of a member or members of 
30 the Tec family of PTKs in the manufacture of a medicament for use in the 
treatment of a condition associated with cytokine production 
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In one embodiment the cytokine is TNF, preferably TNFa. In another 
embodiment the cytokine is IL-1, preferably IL-1 p. Typically the Tec family 
member is selected from Tec, Btk, Bmx, Txk or Itk, more typically the Tec 
family member is selected from Tec, Btk, Bmx or Txk, usually from Tec, Btk 
or Bmx. Preferably the Tec family member is Tec or Btk, most preferably Btk. 
In another embodiment the Tec family PTK is Tec. The cytokine-associated 
condition may be any one of sepsis, septic shock, inflammation, rheumatoid 
arthritis or Crohn's disease. The cytokine-associated condition may be irritable 
bowel disease (IBD). The cytokine-associated condition may be ulcerative 
colitis 

In a preferred embodiment the cytokine-associated condition is induced by a 
Toll-related receptor (TRR) ligand. In another preferred embodiment the 
cytokine-associated condition is induced by lipopolysaccharide (LPS). The 
condition may be induced by Gram-negative bacteria. The condition may be 
induced by Gram-positive bacteria. In another preferred embodiment the 
cytokine-associated condition is induced by zymosan. The condition may 
induced by yeast. The TRR ligand may be a microbial factor. The micobial 
factor may be from Staphylococcus, such as Staphylococcus aueus. The TRR 
ligand may be bacterial DNA, typically CpG-DNA. The TRR ligand may be a 
microbial ligand derived from a Gram positive bacteria. The TRR ligand may 
be a reactive oxygen species (ROS). The TRR ligand may be factor produced 
during oxidative stress. The TRR ligand may be lipoteichoic acid. The TRR 
ligand may be a lipopeptide. The TRR ligand may be a glycan. The TRR ligand 
may be a yeast derived factor, usually a cell-wall particle, such as zymosan. 
The TRR ligand may be a factor from Niesseria meingitidis. The TRR ligand 
may be LPS. The TRR ligand may be LPS derived from Escherichia or 
Salmonella. The LPS may be complexed to other molecules. The TRR ligand 
may be an LPS mimetic, such as Taxol. The TRR ligand may be derived from 
endogenous lumenal bacterial flora. The TRR ligand may be fibronectin. The 
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TRR ligand may be a fragment of fibronectin. The TRR ligand may be the 
EDA domain of fibronectin. 



The invention also provides a method for identifying an inhibitor of a member 
5 or members of the Tec family of PTKs which inhibitor is suitable for use in a 
the treatment of a condition associated with cytokine production, the method 
comprising: 

(a) providing, as a first component, a cell capable of TRR ligand- 
induced cytokine production; 
10 (b) providing, as a second component, a TRR ligand; 

(c) contacting the first and the second components in the presence of 
a test agent; 

(d) determining whether the test agent is able to inhibit the TRR 
ligand-induced activity of a member of the Tec family of PTKs; 

15 thereby to determine whether the test agent could act as an inhibitor of cytokine 
production. Typically the method further comprises the step of determining 
whether the inhibitor is specific for Tec family PTKs. Typically the Tec family 
member is selected from Tec, Btk, Bmx, Txk or Itk, more typically the Tec 
family member is selected from Tec, Btk, Bmx or Txk, usually from Tec, Btk 

20 or Bmx. Preferably the Tec family member is Tec or Btk, most preferably Btk. 
In another embodiment the Tec family PTK is Tec. 

The invention also provides an inhibitor of TRR ligand-induced expression of 
cytokines identified or identifiable by a method of the invention. 

25 

The invention also provides a pharmaceutical formulation comprising a 
pharmaceutical^ acceptable carrier and an inhibitor of a member of the Tec 
family of PTKs identifiable by a method of the invention. 
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The invention also provides the use of an inhibitor of a member of the Tec 
family of PTKs to study the inhibition of sepsis, septic shock and/or 
inflammation caused by a TRR-ligand, preferably LPS, in vitro. 

5 The invention provides a method of treating sepsis or septic shock in a 
mammal administering a pharmaceutical^ effective amount of an inhibitor of 
Bruton's tyrosine kinase (Btk). 

The invention provides a method of treating inflammation in a mammal 
10 comprising administering a pharmaceutically effective amount of an inhibitor 
of Bruton's tyrosine kinase (Btk). 

The invention provides a Btk inhibitor for use as a medicament. 

15 The invention provides a Btk inhibitor for use in the manufacture of a 
medicament to treat sepsis, septic shock and/or inflammation. 

The invention provides a method or inhibitor of the invention wherein the 
inhibitor is LFM-A13. 

20 

The invention provides a method or inhibitor of the invention wherein the 
inhibitor is a vaccine, an antibody or a fragment thereof which is capable of 
binding Btk or a fragment thereof 

25 The invention provides a method or inhibitor of the invention wherein the Btk 
inhibitor is antisense nucleic acid effective against Btk. 

The invention provides a method or inhibitor of the invention wherein the 
inhibitor is inactivated Btk, or a fragment thereof. 

30 
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The invention provides the use of an inhibitor of Btk to study the inhibition of 
sepsis, septic shock and/or inflammation caused by LPS, in v/fro.and/or 
inflammation 

The invention provides a method of treating sepsis, septic shock and/or 
inflammation in a mammal comprising administering a pharmaceutically 
effective amount of an inhibitor of a member of the Tec family of protein 
tyrosine kinases (PTKs). 

The invention provides a method of treating rheumatois arthritis in a mammal 
comprising administering a pharmaceutically effective amount of an inhibitor 
of a member of the Tec family of protein tyrosine kinases (PTKs). 

The invention provides a method of treating Crohn's disease in a mammal 
comprising administering a pharmaceutical^ effective amount of an inhibitor 
of a member of the Tec family of protein tyrosine kinases (PTKs). 

The invention provides a method of treating a condition induced by a TRR 
ligand in a mammal comprising administering a pharmaceutically effective 
amount of an inhibitor of a member of the Tec family of protein tyrosine 
kinases (PTKs). 

The invention provides a method of treating, a condition induced by a TLR2 
ligand in a mammal comprising administering a pharmaceutically effective 
amount of an inhibitor of a member of the Tec family of protein tyrosine 
kinases (PTKs). 

The invention provides a method of treating a condition induced by a TLR4 
ligand in a mammal comprising administering a pharmaceutically effective 
amount of an inhibitor of a member of the Tec family of protein tyrosine 
kinases (PTKs). 
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The invention provides a method of treating a condition induced by a pathogen 
in a mammal comprising administering a pharmaceutically effective amount of 
an inhibitor of a member of the Tec family of protein tyrosine kinases (PTKs). 

The invention provides a method of treating a condition induced by bacteria, or 
a factor derived therefrom in a mammal comprising administering a 
pharmaceutically effective amount of an inhibitor of a member of the Tec 
family of protein tyrosine kinases (PTKs). 

The invention provides a method of treating a condition induced by Gram- 
negative bacteria, or a factor derived therefrom in a mammal comprising 
administering a pharmaceutically effective amount of an inhibitor of a member 
of the Tec family of protein tyrosine kinases (PTKs). 

The invention provides a method of treating a condition induced by Gram- 
positive bacteria, or a factor derived therefrom in a mammal comprising 
administering a pharmaceutically effective amount of an inhibitor of a member 
of the Tec family of protein tyrosine kinases (PTKs). 

The invention provides a method of treating a condition induced by LPS, or an 
analogue thereof, such as Taxol, in a mammal comprising administering a 
pharmaceutically effective amount of an inhibitor of a member of the Tec 
family of protein tyrosine kinases (PTKs). 

The invention provides a method of treating a condition induced by yeast, or a 
factor derived therefrom in a mammal comprising administering a 
pharmaceutically effective amount of an inhibitor of a member of the Tec 
family of protein tyrosine kinases (PTKs). 
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The invention provides a method of treating a condition induced by zymosan, 
or an analogue thereof, in a mammal comprising administering a 
pharmaceutical^ effective amount of an inhibitor of a member of the Tec 
family of protein tyrosine kinases (PTKs). 

The invention provides a method of treating a condition induced by fibronectin, 
or a fragment or variant thereof, in a mammal comprising administering a 
pharmaceutical^ effective amount of an inhibitor of a member of the Tec 
family of protein tyrosine kinases (PTKs). 

The term cytokine is well known in the art and as used herein includes within 
its meaning interleukins such as IL-lct, IL-lp, IL-2, IL-3, IL-4, IL-5, IL-6, IL- 
7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL- 
19, IL-20, IL-21, IL-22 and IL-23, tumour necrosis factors (TNF) such as 
TNFa and TNFp (also known as lymphotoxin), interferons such as IFNct, 
IFNp and IFNy, colony stimulating factors such as M-CSF, G-CSF, GM-CSF, 
migration inhibition factor (MIF), chemokines such as IL-8, IP10 and VEGF. 
Particularly preferred cytokines are those produced by monocytes and 
macrophages, such as IL-1 a, IL-ip, IL-6, TNFa, M-CSF, G-CSF and GM- 
CSF. In a preferred embodiment the cytokine is TNFa. In another preferred 
embodiment the cytokine is IL-ip. 

As used herein, TNF refers to a type of cytokine well known in the art that is 
released by monocytes such as activated macrophages and is structurally 
related to lymphotoxin, which is released by activated T cells. In a preferred 
embodiment the TNF is TNF-a. 

TRRs include molecules such as TLRs, IL-1 receptor family members 
including IL-1 receptor and IL-18 receptor and cytoplasmic proteins such as 
MyD88. 
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The term lipopolysaccharide (or LPS) is well known in the art and refers to the 
principle biochemical constituents of the external covering of Gram-negative 
bacteria. Typically an LPS will comprise three distinct regions joined by 
covalent linkages. The hydrophobic portion comprises a single region, termed 
lipid A, which is usually responsible for the toxic properties of LPS. The 
hydrophilic region consists of two regions: an O-specific repeating 
oligosaccharide; and a core oligosaccharide which links which links the O-side 
chain to the lipid A. The biological effects of LPS are diverse and have been 
documented as including fever, circulatory disturbances and vascular hyper- 
reactivity to adrenergic drugs, leucopaenia typically followed leucocytosis, 
non-specific stimulation of B-lymphocytes to undergo blast transformation and 
proliferation, lethal toxicity and non-specific tolerance to endotoxin through 
repeated exposure to LPS. Exposure to LPS is also known to cause an increase 
in the production of cytokines such as TNF. 

Thus the present invention provides methods for reducing expression of 
cytokine, for example in response to a TRR ligand, and uses of inhibitors of 
Tec family PTKs. Specific inhibitors of the Tec family may be used in anti- 
inflammatory therapeutics. Accordingly the inventors have shown that 
inhibitors of Tec family PTKs can be used to reduce the effects of infection by 
Gram negative bacteria. The types of bacterial infections that can be addressed 
by the methods and uses of the invention include, but are not limited to, 
salmonellae, brucellae, meningococci, gonococci, streptococci, Haemophilus 
influenzae, Klebsiella pneumoniae and non-enteric infections due to E.coli. An 
inhibitor of Tec family PTKs can be used to reduce the effects of LPS, thereby 
to ameliorate the effects of the bacterial infection. In one embodiment an 
inhibitor of Tec family PTKs can be used to reduce or otherwise ameliorate 
sepsis or septic shock. In another embodiment, an inhibitor of Tec family 
PTKs can be used to reduce or otherwise ameliorate inflammation. In another 
embodiment an inhibitor of Tec family PTKs can be used to combat 



WO 01/66107 PCT/GBO 1/00949 

16 

rheumatoid arthritis. In another embodiment an inhibitor of Tec family PTKs 
can be used to combat Crohn's disease. 



Other conditions for which inhibitors of Tec family PTKs may be used in the 
treatment of include conditions in which cytokines are associated. Preferred 
cytokines are IL-lp and TNFa and conditions associated therewith include 
conditions associated with local inflammation, for example conditions of the 
joints, such as osteoarthritis, spondyloarthropathy, psoriatic arthritis or lyme 
arthritis, conditions of the lung such as severe steroid resistant asthma, sarcoid 
or other pulmonary fibrosis, conditions of the heart such as myocarditis, dilated 
cardiomyopathy or congestive cardiac failure, conditions of vessels such as 
atherosclerosis, unstable angina with high CRP/IL-6, or vasculitis (such as 
Wegeners and others), conditions caused by reperfusion injury such as 
infarction and stroke, conditions of the CNS such as multiple sclerosis, cerebral 
odema or Alzheimer's disease, conditions of the thyroid such as graves 
opthalmopathy, conditions of the skin such as psoriasis or contact snesitivity, 
conditions associated with transplant rejection such as of the kidney, heart, 
lung, liver or bone marrow, conditions of the liver such as acute alcoholic 
hepatitis or chronic progressive viral hepatitis, conditions associated with 
fibrosis such as post-operative fibrosis (eg after back surgery), conditions 
resulting from surgery such as where a bypass activates leucocytes (eg CABG). 
Other conditions for which inhibitors of Tec family PTKs may be used in the 
treatment of include conditions resulting from infections such as HIV, parasitic 
diseases (eg cachexia), erythema nodosum lepromatum, borreliosis (eg lime 
arthritis), or meningococcal septicaemia. Other conditions for which inhibitors 
of Tec family PTKs may be used in the treatment of include conditions 
associated with cancer, such as where the cancerous tissue produces or induces 
TNF production, such as breast cancer, cancers having TNFa adhesion eg 
ovarian cancer or colon cancer, or cancers involving TNFa dependent 
aromatase upregulation of estrogen production in periphery. 
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Inhibitors of Tec family PTKs can be used to treat LPS-induced conditions in a 
host. The host is typically a mammal, preferably a human. 

The Tec family of protein tyrosine kinases, also referred to as Tec family PTKs 
and Btk family kinases are a well defined group of non-receptor PTKs (Qiu & 
Kung (2000) Oncogene, 19, 5651-5661; Schaeffer & Schwartzberg (2000) 
Current Opinion in Immunology, 12, 282-288; Mohamed et al (1999) Scand. J. 
Immunol, 49, 113-118; Tomlinson et al. (1999) J. Biol. Chem., 274(19), 
13577-13585). They include Bruton tyrosine kinase (Btk) (Tsukada et al. 
(1993) Cell, 72, 279-290; Vetrie et al (1993) Nature, 361, 226-233) as defined 
in Figures 11 and 12, Tec (Sato et al (1994) Leukemia, 8, 1663-1672) as 
defined in Figures 13 and 14, Itk/Emt/Tsk (Siliciano et al (1992) Proc. Natl 
Acad. Set USA, 89, 11194-11198) as defined in Figures 15 and 16, and 
Bmx/Etk (Qiu et al (1998) Proc. Natl Acad. Sci. USA, 95, 3644-3649; 
Tamagnone et al (1994) Oncogene, 9, 3683-3688) as defined in Figures 18 and 
19 and Txk as defined in Figure 17. Other Tec family PTK members typically 
have at least 40%, usually from 50 to 60%, preferably more than 60% amino 
acid sequence identity to any one of Tec, Btk, Itk, Bmx or Txk (Tomlinson et 
al (1999)7. Biol Chem., 274(19), 13577-13585). 

Preferably, a member of the Tec family of PTKs will comprise at least one, 
more preferably two, more preferably three of the following domains selected 
from a kinase domain, an SH3 domain (Src Homology domain 3) and/or an 
SH2 domain (Src Homology domain 2) or a variant or fragment of both or 
either. The sequences of kinase, SH2 and SH3 domains are as defined by the 
translation products of the seqeunces in Figures 11, 13, 15 and 18 and as 
defined in Figure 1 7. 

The kinase domain (also known as a Src Homology domain 1 (SHI domain)) 
or a variant or fragment thereof is typically a C-terminal domain. By C- 
terminal we include the meaning that there are no domains present between the 
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kinase domain and the C-terminus of the protein. Usually a C-terminal domain 
will end within 50 amino acids of the C-terminal of the protein, typically within 
25 amino acids, more typically within 10 amino acids, preferably within 5 
amino acids. 

Typically a member of the Tec family of PTKs may include a Tec homology 
(TH) domain, for example between the PH and the SH3 domains. The TH 
domain comprises a proline rich motif and is able to bind to an SH3 domain. 
Typically the proline rich motif has the sequence PXPPXP or (R/K)XXPXXP 
(Qiu & Kung (2000) Oncogene, 19, 5651-5661; Andreotti et al (1997, Nature, 
385, 93-97). It is thought that the TH domain may interact with the SH3 
domain (Andreotti et al (1997) Nature, 385, 93-97). This may be one means 
by which Tec family PTKs are regulated. 

Typically a Tec family member will comprise an N-terminal PH (pleckstrin 
homology) domain (Qiu & Kung (2000) Oncogene, 19, 5651-5661). By N- 
terminal domain we mean that there are no domains present between the PH 
domain and the N-terminus of the protein. Usually an N-terminal domain will 
begin within 50 amino acids of the N-terminal of the protein, typically within 
25 amino acids, more typically within 10 amino acids, preferably within 5 
amino acids. 

By PH (pleckstrin homology) domain we include the meaning a sequence of 
amino acids as defined in Figures 1 1 (the PH domain of Btk) or Figure 13 (the 
PH domain of Tec), the PH domain of any other member of the Tec family of 
PTKs or a variant or fragment thereof. Typically, a PH domain of a Tec family 
PTK will bind phospholipids, heterotrimeric G-proteins, PKC isoforms, Stat 3, 
F-actin, Fas and FAK (Qiu & Kung (2000) Oncogene, 19, 5651-5661). 

Preferably a variant or fragment of a domain of a member of the Tec family of 
PTKs will have substantially the same biological activity, that is, the 
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substantially same binding specificity and affinity, as the domain to which it 
relates in Btk or Tec. The biological activities of the domains of the Tec family 
ot PTKs are discussed at length in the prior art (Qiu & Kung (2000) Oncogene, 
19, 5651-5661 incorporated herein by reference). 

However, it should be understood that the defintion of Tec family kinases as 
used herein includes proteins that do not have one or more of the above 
domains. For example, Bmx shares little sequence homology with other Tec 
family PTKs within the proline-rich TH domain or the SH3 domain, whereas 
Txk is particularly atypical at the N-terminus, lacking a PH domain and a TH 
domain (Tomlinson et al (1999)7. Biol Chem., 274(19), 13577-13585). 

Preferably, inhibitors used in the invention are specific for a member or 
members of the Tec family of PTKs. By specific we include the meaning that 
the inhibitor can selectively cause a greater reduction in the activity of the 
member or members of the Tec family of PTKs than of other cellular protein 
tyrosine kinases. Preferably the reduction in Tec family PTK member activity 
will be up to 2-fold, more preferably up to 10-fold, yet more preferably up to 
100-fold greater than reduction in activity of other cellular protein tyrosine 
kinases. Such 'other 5 protein tyrosine kinases include JAK1, JAK3, HCK, 
epidermal growth factor receptor kinase and insulin receptor kinase (Mahajan 
et al (1999) J. Biol Chem. 274, 9587-9599). The skilled person will be well 
aware of methods known in the art for testing the effects of inhibitors on the 
activity of different tyrosine kinases. 

Tec family PTK inhibitors may modulate the interaction between the SH3 
domain of the Tec family PTK and a proline-rich region, either in the same 
molecule, e.g. in the TH domain, or in another molecule. An inhibitor may 
therefore block the interaction between SH3 domain and a proline-rich region. 
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Without being bound by theory, we believe that inhibitors of Tec family PTKs 
used in the invention may be able to reduce TNFa production by specific 
inhibition of the activity of a member or members of the Tec family of PTKs, 
particularly when the TNFa production is induced by LPS. 

5 

The inhibitor may be a chemical inhibitor. Any chemical capable of inhibiting 
Tec family PTKs may be used. Terreic acid has been demonstrated to inhibit 
Btk without affecting the activity of Lyn, Syk or MAP kinases and does not 
significantly affect IgE/antigen-induced tyrosine phosphorylation patterns 
10 (Kawakami et al (1999) Proc. Natl Acad. Sci. USA 96, 2227-2232). A 
preferred chemical inhibitor is LFM-A13. LFM-A13 has previously been used 
as an anti-leukemic agent (Mahajan et al (1999) J. Biol Chem. 274, 9587- 
9599; WO 99/54286) and has been demonstrated to specifically inhibit Btk in 
comparison to other non-Tec family PTKs. 

15 

The inhibitor may also be an antibody or a fragment thereof which is capable of 
binding a Tec family PTK member or a fragment of the Tec familt PTK 
member, preferably of binding Btk, or a fragment of Btk. Preferably binding of 
the antibody or a fragment thereof the to Tec family PTK member causes 

20 inhibition of the Tec family PTK member. Antibody fragments include Fab or 
(Fab) 2 , or Fv which retains their anti-Tec family PTK member activity. The 
variable heavy (V H ) and variable light (V L ) domains of the antibody are involved 
in antigen recognition, a fact first recognised by early protease digestion 
experiments. Further confirmation was found by "humanisation" of rodent 

25 antibodies. Variable domains of rodent origin may be fused to constant domains 
of human origin such that the resultant antibody retains the antigenic specificity 
of the rodent parented antibody (Morrison et al (1984) Proc. Natl Acad. Sci. USA 
81,6851-6855). 

30 That antigenic specificity is conferred by variable domains and is independent of 
the constant domains is known from experiments involving the bacterial 
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expression of antibody fragments, all containing one or more variable domains. 
These molecules include Fab-like molecules (Better et al (1988) Science 240, 
1041); Fv molecules (Skerra et al (1988) Science 240, 1038); single-chain Fv 
(ScFv) molecules where the V H and V L partner domains are linked via a flexible 
5 oligopeptide (Bird et al (1988) Science 242, 423; Huston et al (1988) Proc. Natl 
Acad. Sci. USA 85, 5879) and single domain antibodies (dAbs) comprising 
isolated V domains (Ward et al (1989) Nature 341, 544). A general review of the 
techniques involved in the synthesis of antibody fragments which retain their 
specific binding sites is to be found in Winter & Milstein (1991) Nature 349, 293- 
10 299. 

By "ScFv molecules" we mean molecules wherein the V H and V L partner 
domains are linked via a flexible oligopeptide. 

15 The advantages of using antibody fragments, rather than whole antibodies, are 
several-fold. The smaller size of the fragments may lead to improved 
pharmacological properties, such as better penetration of solid tissue. Effector 
functions of whole antibodies, such as complement binding, are removed. Fab, 
Fv, ScFv and dAb antibody fragments can all be expressed in and secreted from 

20 £. coli, thus allowing the facile production of large amounts of the said 
fragments. 

Whole antibodies, and F(ab') 2 fragments are "bivalent". By "bivalent" we mean 
that the said antibodies and F(ab , )2 fragments have two antigen combining sites. 
25 In contrast, Fab, Fv, ScFv and dAb fragments are monovalent, having only one 
antigen combining sites. 

The antibody may, preferably, be a monoclonal antibody. With today's 
techniques monoclonal antibody antibodies can be prepared to most antigens. 
30 The antigen-binding portion may be a part of an antibody (for example a Fab 
fragment) or a synthetic antibody fragment (for example a single chain Fv 



WO 01/66107 PCT/GB01/00949 

22 

fragment [ScFv]). Suitable monoclonal antibodies to selected antigens may be 
prepared by known techniques, for example those disclosed in "Monoclonal 
Antibodies: A manual of techniques", H Zola (CRC Press, 1988) and in 
"Monoclonal Hybridoma Antibodies: Techniques and Applications", J G R 
5 Hurrell (CRC Press, 1982). 

Chimaeric antibodies are discussed by Neuberger et al (1988, 8th International 
Biotechnology Symposium Part 2, 792-799). 

10 Suitably prepared non-human antibodies can be "humanized" in known ways, for 
example by "grafting" the CDR regions of mouse antibodies into the framework 
of human antibodies. 

The antibody may also be linked to polypeptide sequences that permit entry 
15 into cells. Such sequences are known and include the penetration peptide and 

HIV sequences which have been engineered to permit entry into cells. 

Alternatively, cDNA encoding such antibodies could be delivered by a vector. 

For example an antibody molecule may be delivered by gene therapy using 

suitable vectors such as adenoviral vectors. Such vectors may include a 
20 regulatory region such as a promoter operatively linked to the gene encoding 

the antibody molecule. The promoter may be constitutive or may be tissue or 

cell-type specific, such as specific to monocytes, eg using the CD14 or CD36 

promoters. 

25 Alternatively, the inhibitor may be a vaccine raised against any suitable part of 
a Tec family PTK member. 

Alternatively, the inhibitor may be an antisense nucleic acid polynucleotide 
that is capable of binding nucleic acid sequences encoding Tec family PTKs, 
30 particularly Btk. The use of antisense nucleic acid to inhibit the translation or 
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transcription of sequences encoding proteins is known in the art. Typically the 
polynucleotide is able to reduce Tec family PTK activity. The polynucleotide 
may be DNA or RNA and may comprise non-natural nucleotides. Preferably 
the polynucleotide will have direct or indirect antisense activity. 

5 

A polynucleotide with indirect antisense activity is a polynucleotide that, 
following its introduction into a host cell, can interact with the cellular 
components and cause the production of a polynucleotide having direct 
antisense activity, e.g. plasmids or retroviruses or other vectors carrying an 
10 antisense gene. This approach is typically termed antisense gene therapy. 

Polynucleotides with direct antisense activity are single-stranded nucleic acids, 
which can specifically bind to a target nucleic acid sequence. The target 
nucleic acid sequence is a gene or genes encoding a member or members of the 
15 Tec family of PTKs. In one embodiment a polynucleotide having direct 
antisense activity binds to the gene for Btk (as defined in Figure 11). In 
another embodiment a polynucleotide having direct antisense activity binds to 
the gene for Tec (as defined in Figure 13). 



20 Typically a directly active antisense polynucleotide will be complementary to 
the nucleic acid sequence to which it is intended to bind. By binding to the 
appropriate target sequence, an RNA-RNA, a DNA-DNA, or RNA-DNA 
duplex is formed. These nucleic acids are often termed "antisense" because 
they are complementary to the sense or coding strand of the gene. Antisense 

25 oligonucleotides were first discovered to inhibit viral replication or expression 
in cell culture for Rous sarcoma virus, vesicular stomatitis virus, herpes 
simplex virus type 1, simian virus and influenza virus. Since then, inhibition of 
mRNA translation by antisense oligonucleotides has been studied extensively 
in cell-free systems including rabbit reticulocyte lysates and wheat germ 

30 extracts. Inhibition of viral function by antisense oligonucleotides has been 
demonstrated in vitro using oligonucleotides which were complementary to the 
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AIDS HIV retrovirus RNA (Goodchild, J. 1988 "Inhibition of Human 
Immunodeficiency Virus Replication by Antisense Oligodeoxynucleotides", 
Proc. Natl. Acad. ScL (USA) 85(15), 5507-11). The Goodchild study showed 
that oligonucleotides that were most effective were complementary to the 
5 poly(A) signal; also effective were those targeted at the 5' end of the RNA, 
particularly the cap and 5' untranslated region, next to the primer binding site 
and at the primer binding site. The cap, 5' untranslated region, and poly(A) 
signal lie within the sequence repeated at the ends of retrovirus RNA (R 
region) and the oligonucleotides complementary to these may bind twice to the 
10 RNA. 

Recently, formation of a triple helix has proven possible where the 
oligonucleotide is bound to a DNA duplex. It was found that oligonucleotides 
could recognise sequences in the major groove of the DNA double helix. A 
15 triple helix was formed thereby. This suggests that it is possible to synthesise a 
sequence-specific molecule which specifically binds double-stranded DNA via 
recognition of major groove hydrogen binding sites. The use of polnucleotides 
in the formation of a triple helix is included within the scope of uses of 
polynucleotides as antisense inhibitors. 

20 

By binding to the target nucleic acid, the above polynucleotides can inhibit the 
function of the target nucleic acid. This could, for example, be a result of 
blocking the transcription, processing, poly(A) addition, replication, 
translation, or promoting inhibitory mechanisms of the cells, such as promoting 
25 RNA degradations. 



Typically, antisense polynucleotides are 15 to 35 bases in length. For example, 
20-mer oligonucleotides have been shown to inhibit the expression of the 
epidermal growth factor receptor mRNA (Witters et al, Breast Cancer Res 
30 Treat 53:41-50 (1999)) and 25-mer oligonucleotides have been shown to 
decrease the expression of adrenocorticotropic hormone by greater than 90% 
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(Frankel et al, J Neurosurg 91:261-7 (1999)). However, it is appreciated that it 
may be desirable to use oligonucleotides with lengths outside this range, for 
example 10, 11, 12, 13, or 14 bases, or 36, 37, 38, 39 or 40 bases. Thus the 
antisense polynucleotide may be up to 10, 25, 50, 75, 90, 95, 99 or 100% of the 
5 length of the target nucleic acid. To put it another way, where the target 
nucleic acid is a Tec family PTK member gene, the antisense polynucleotide 
may be equivalent in length to any of the above mentioned percentages of the 
total length of that gene. 

10 Antisense polynucleotides may be prepared in the laboratory and then 
introduced into cells, for example by microinjection or uptake from the cell 
culture medium into the cells, or they are expressed in cells after transfection 
with a polynucleotide having indirect antisense activity, e.g. plasmids or 
retroviruses or other vectors carrying an antisense gene. 

15 

Polynucleotides are subject to being degraded or inactivated by cellular 
endogenous nucleases. To counter this problem, it is possible to use modified 
polynucleotides, e.g. having altered internucleotide linkages, in which the 
naturally occurring phosphodiester linkages have been replaced with another 

20 linkage. For example, Agrawal et al (1988) Proc. Natl Acad. Sci. USA 85, 7079- 
7083 showed increased inhibition in tissue culture of HIV-1 using 
polynucleotides phosphoramidates and phosphorothioates. Sarin et al (1988) 
Proc. Natl Acad. Scl USA 85, 7448-7451 demonstrated increased inhibition of 
HIV-1 using oligonucleotide methylphosphonates. Agrawal et al (1989) Proc. 

25 Natl. Acad. Sci. USA 86, 7790-7794 showed inhibition of HIV-1 replication in 
both early-infected and chronically infected cell cultures, using nucleotide 
sequence-specific oligonucleotide phosphorothioates. Leither et al (1990) Proc. 
Natl Acad. Sci. USA 87, 3430-3434 report inhibition in tissue culture of influenza 
virus replication by oligonucleotide phosphorothioates. 

30 
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Polynucleotides having artificial linkages have been shown to be resistant to 
degradation in vivo. For example, Shaw et al (1991) in Nucleic Acids Res. 19, 
747-750, report that otherwise unmodified polynucleotides become more resistant 
to nucleases in vivo when they are blocked at the 3' end by certain capping 
5 structures and that uncapped polynucleotides phosphorothioates are not degraded 
in vivo. 

A detailed description of the H-phosphonate approach to synthesizing 
polynucleoside phosphorothioates is provided in Agrawal and Tang (1990) 

10 tetrahedron Letters 31, 7541-7544, the teachings of which are incorporated 
herein by reference. Syntheses of polynucleoside methylphosphonates, 
phosphorodithioates, phosphoramidates, phosphate esters, bridged 
phosphoramidates and bridge phosphorothioates are known in the art. See, for 
example, Agrawal and Goodchild (1987) Tetrahedron Letters 28, 3539; Nielsen 

15 et al (1988) Tetrahedron Letters 29, 2911; Jager et al (1988) Biochemistry 27, 
7237; Uznanski et al (1987) Tetrahedron Letters 28, 3401; Bannwarth (1988) 
Helv. Chim. Acta. 71, 1517; Crosstick and Vyle (1989) Tetrahedron Letters 30, 
4693; Agrawal et al (1990) Proc. Natl. Acad. Sci. USA 87, 1401-1405, the 
teachings of which are incorporated herein by reference. Other methods for 

20 synthesis or production also are possible. In a preferred embodiment the 
polynucleotides is a deoxyribonucleic acid (DNA), although ribonucleic acid 
(RNA) sequences may also be synthesized and applied. 

The polynucleotides useful in the invention preferably are designed to resist 
25 degradation by endogenous nucleolytic enzymes. In vivo degradation of 
polynucleotides produces polynucleotides breakdown products of reduced length. 
Such breakdown products are more likely to engage in non-specific hybridization 
and are less likely to be effective, relative to their full-length counterparts. Thus, 
it is desirable to use polynucleotides that are resistant to degradation in the body 
30 and which are able to reach the targeted cells. The present polynucleotides can be 
rendered more resistant to degradation in vivo by substituting one or more internal 
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artificial intermicleotide linkages for the native phosphodiester linkages, for 
example, by replacing phosphate with sulphur in the linkage. Examples of 
linkages that may be used include phosphorothioates, methylphosphonates, 
sulphone, sulphate, ketyl, phosphorodithioates, various phosphoramidates, 
phosphate esters, bridged phosphorothioates and bridged phosphoramidates. 
Such examples are illustrative, rather than limiting, since other internucleotide 
linkages are known in the art. See, for example, Cohen, (1990) Trends in 
Biotechnology. The synthesis of polynucleotides having one or more of these 
linkages substituted for the phosphodiester internucleotide linkages is well known 
in the art, including synthetic pathways for producing polynucleotides having 
mixed internucleotide linkages. 

Polynucleotides can be made resistant to extension by endogenous enzymes by 
'tapping 55 or incorporating similar groups on the 5' or 3' terminal nucleotides. A 
reagent for capping is commercially available as Amino-Link II™ from Applied 
BioSystems Inc, Foster City, CA. Methods for capping are described, for 
example, by Shaw et al (1991) Nucleic Acids Res. 19, 747-750 and Agrawal et al 
(1991) Proc. Natl Acad Set USA 88(17), 7595-7599, the teachings of which are 
hereby incorporated herein by reference. 

A further method of making polynucleotides resistant to nuclease attack is. for 
them to be "self-stabilized" as described by Tang et al (1993) Nuci Acids Res. 21, 
2729-2735 incorporated herein by reference. Self-stabilized polynucleotides have 
hairpin loop structures at their 3' ends, and show increased resistance to 
degradation by snake venom phosphodiesterase, DNA polymerase I and fetal 
bovine serum. The self-stabilized region of the polynucleotides does not interfere 
in hybridization with complementary nucleic acids, and pharmacokinetic and 
stability studies in mice have shown increased in vivo persistence of self- 
stabilized oligonucleotides with respect to their linear counterparts. 
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Polynucleotides with direct antisense activity are most preferably 100% 
complementary to the sequence of the target nucleic acid. However, the skilled 
person will appreciate that polynucleotides having less than 100% 
complementarity with the target nucleic acid can also be used. For example, 
5 polynucleotides having no less than 99%, 95%, 90%, 80%, 75%, or 50% 
complementarity with the target nucleic acid may be used to reduce the 
expression of a member or members of the Tec family of PTKs. 

The term "vector" means a DNA molecule comprising a single strand, double 
10 strand, circular or supercoiled DNA. Suitable vectors include retroviruses, 
adenoviruses, adeno-associated viruses, pox viruses and bacterial plasmids 
Vectors useful for the expression of antibody-encoding genes include prokaryotic 
and eukaryotic expression vectors. 

15 Typical prokaryotic vector plasmids are: pUC18, pUC19, pBR322 and pBR329 
available from Biorad Laboratories (Richmond, CA, USA); p7rc99A, pKK223-3, 
pKK233-3, pDR540 and pRIT5 available from Pharmacia (Piscataway, NJ, 
USA); pBS vectors, Phagescript vectors, Bluescript vectors, pNH8A, pNH16A, 
pNH18A, pNH46A available from Stratagene Cloning Systems (La Jolla, CA 

20 92037, USA). 

Vectors useful for providing a polynucleotide having indirect antisense activity, 
i.e. delivery vehicle for an antisense gene therapy approach, are typically 
mammalian cell vector plasmids. 

25 

Methods well known to those skilled in the art can be used to construct 
expression vectors containing the coding sequence of the desired gene, e.g. a gene 
encoding an anti-Tec family PTK member antibody, or an anti-Tec family PTK 
member antisense gene and, for example appropriate transcriptional or 
30 translational controls. 
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The transcriptional controls may be tissue or cell-type specific, thus enabling 
the expression of the anti-Tec family PTK member antisense gene in selected 
tissues or cells. For example, the transcriptional controls used may be specific 
for expression in monocytes, such as regulatory sequences, for example 
promoters, from CD 14 or CD36 genes. Alternatively the transcriptional controls 
may be constitutively active to enable the production of gene product in any type 
of transformed cell. 

The inhibitor may also be inactivated Tec family PTK, such as Btk or a 
fragment thereof which is capable of competing with the naturally occurring 
form for Tec family PTK-binding sites, such as Btk-binding sites. Such 
inhibitors may be capable as acting as a dominant negative mutant would. This 
type of inhibitor results in a reduction in the activity of the Tec family PTK, 
such as Btk kinase. For example mutants Tec family PTKs can be generated 
by deletion or mutation of the kinase domain using techniques well known in 
the art, for example as described in Yamashita et al (1998, Blood, 91(5), 1496- 
1507). Mutant proteins can be produced by any method known in the art, such 
as by recombinant expression. The thus produced protein can then be 
administered to a patient. Alternatively, a polynucleotide encoding the mutant 
protein can be used as a delivery vehicle, such as by gene therapy, using 
methods discussed above. 

The invention further anticipates a method of identifying agents that may be 
used as specific inhibitors of Tec family PTKs. Typically agents are initially 
screened to determine whether they can modulate Tec family PTK-associates 
activity. By modulate we mean that the agent can increase or decrease the 
activity of a Tec family PTK. Agents thus identified are usually then tested to 
determine whether they inhibit a member of members of the Tec family of 
PTKs specifically, that is to say, they inhibit selectively as discussed above. 
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In one embodiment the initial stage of the screen can be performed by 
determining the ability of a test agent to alter the production of a cytokine, such 
as TNF or IL-1 P, in response to a stimulus. In one embodiment the stimulus is 
a TRR-ligand. In another embodiment the stimulus is LPS. In another 
5 embodiment the stimulus is zymosan. For example, a test cell can be incubated 
with a test agent for sufficient time to allow inhibition of Tec family PTKs. 
The cell is typically a monocyte, or a macrophage that has been matured from a 
monocyte using M-CSF. The concentration of test agent used is typically from 
0.1 pM to 1M, more typically from 0.1 to lOmM, most typically from lyM 

10 to ImM. The length of incubation is usually no more than 24 hours, more 
typically no more than 12 hours, 6 hours, 4 hours, 2 hours or 1 hour. 
Preferably the inhibitor is effective after 30 minutes of incubation or less. The 
cell can then be challenged with the stimulus. The concentration of stimulus 
used is typically from O.lng/ml to l(ig/ml, preferably from lOng/ml to 
' 15 100ng/ml. Following the challenge with the stimulus, the production of 
cytokine can be measured using techniques well known in the art, such as an 
enzyme-linked immunosorbent assay (ELISA) as discussed in the methods 
section below or using a reporter gene construct having a cytokine promoter 
operably linked to a reporter gene such as luciferase or p-galactosidase and 

20 provided either as a stable integration in the genome of the test cell or by a 
vector that is transformed in to the test cell such as using an adenovirus vector. 
Test agents which cause aberrant levels of stimulus-stimulated cytokine 
production, that is, higher or lower levels of cytokine production than that of 
cells stimulated by the stimulus in the absence of the test agent, are identified 

25 and can be characterised further. Typically the further characterisation involves 
testing the thus identified agent to determine whether its action is specific for a 
member or members of the Tec family of PTKs. Methods for doing so are 
discussed below. 
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An alternative embodiment for the initial stage of the screen, or a method of 
further characterising inhibitors identified as causing aberrant stimulus-induced 
expression of cytokine (e.g. using a method as discussed above), is to 
determine the ability of the test agent to alter the stimulus-induced activity of 
Tec family PTKs. This can be achieved by methods well known in the art, for 
example by in vivo or in vitro tests. 

Typically, in an in vivo test, a cell is incubated with a test agent, using 
conditions as discussed above, and then the cell is challenged with a stimulus. 
Following the challenge, the activity of Tec family kinases can be determined. 
For example, the levels of autophosphorylation may be indicative of Tec family 
PTK activity. This can determined by methods well known in the art, for 
example as discussed in the present application with respect to Btk and Tec. 
Alternatively the ability of isolated Tec family PTK to phosphorylate a 
tyrosine-containing substrate can be assayed in the presence and absence of the 
test agent. 

Typically, in an in vitro test, a test agent is contacted with Tec family PTK 
polypeptide in vitro and it is determined whether, for example, the enzymic 
activity or the level or autophosphorylation of the said polypeptide is changed 
compared to the activity of the said polypeptide in the absence of said test 
agent. It will be understood that it will be desirable to identify agents that may 
modulate the activity of the polypeptide in vivo. Thus it will be understood that 
reagents and conditions used in the in vitro method may be chosen such that the 
interactions between the said polypeptide and its substrate are substantially the 
same as in vivo. 

Typically agents identified for their ability to alter the stimulus-induced activity 
of Tec family PTKs are further characterised by testing their ability to 
modulate stimulus-induced cytokine production as discussed above and/or for 
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specificity of action for a member or members of the Tec family of PTKs as 
discussed below. 

In one embodiment, the test agent decreases the activity of said polypeptide, in 
other words the agent thus identified is an inhibitor. For example, the test 
agent may bind substantially reversibly or substantially irreversibly to the 
active site of said polypeptide. In a further example, the test agent may bind to 
a portion of said polypeptide that is not the active site so as to interfere with the 
binding of the said polypeptide to its substrate. In a still further example, the 
agent may bind to a portion of said polypeptide so as to decrease said 
polypeptide's activity by an allosteric effect. For example, the test agent may 
bind to the kinase domain, the SH2 domain, the SH3 domain, the PH domain or 
the TH domain. 

In a further embodiment, the test agent increases the activity of said 
polypeptide, in other words the thus identified agent is an stimulator. For 
example, the test agent may bind to a portion of said polypeptide that is not the 
active site so as to aid the binding of the said polypeptide to its substrate. In a 
still further example, the test agent may bind to a portion of said polypeptide so 
as to increase said polypeptide's activity by an allosteric effect. 

In an alternative initial screening method suitable for chemical inhibitors, the 
ability of a chemical test agent to bind to a Tec family PTK can be determined, 
typically followed by later tests for the ability of the chemical test agent to 
affect stimulus-induced cytokine production and/or to modulate Tec family 
PTK as described above, and usually followed by tests for the specificity of 
effect as described below. It will be appreciated that screening assays for the 
binding of an agent to Tec family PTK which are capable of high throughput 
operation will be particularly preferred. For example, an assay for identifying a 
chemical agent capable of modulating the activity of a protein kinase may be 
performed as follows. Beads comprising scintillant and a polypeptide that may 
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be phosphorylated may be prepared. The beads may be mixed with a sample 
comprising the protein kinase and 32 P-ATP or 33 P-ATP and with the chemical 
test agent. Conveniently this is done in a 96-well format. The plate is then 
counted using a suitable scintillation counter, using known parameters for 32 P 
or 33 P SPA assays. Only 32 P or 33 P that is in proximity to the scintillant, i.e. 
only that bound to the polypeptide, is detected. Variants of such an assay, for 
example in which the polypeptide is immobilised on the scintillant beads via 
binding to an antibody, may also be used. 

A further method of identifying a test agent that is capable of binding to a Tec 
family PTK is one where the Tec family PTK is exposed to the chemical test 
agent and any binding of the chemical test agent to the said Tec family PTK is 
detected and/or measured. The binding constant for the binding of the chemical 
test agent to the Tec family PTK may be determined. Suitable methods for 
detecting and/or measuring (quantifying) the binding of a chemical test agent to 
a Tec family PTK are well known to those skilled in the art and may be 
performed, for example, using a method capable of high throughput operation, 
for example a chip-based method. New technology, called VLSIPS™, has 
enabled the production of extremely small chips that contain hundreds of 
thousands or more of different molecular probes. These chips or arrays have 
probes arranged in arrays, each probe assigned a specific location. Chips have 
been produced in which each location has a scale of, for example, ten microns. 
The chips can be used to determine whether target molecules interact with any 
of the probes on the chip. After exposing the array to target molecules under 
selected test conditions, scanning devices can examine each location in the 
an-ay and determine whether a target molecule has interacted with the probe at 
that location. 

Once a test agent has been demonstrated to modulate, preferably to inhibit, Tec 
family PTK activity, and/or to modulate stimulus-induced cytokine production, 
its specificity may be determined by assaying its ability to modulate, preferably 
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to inhibit, the activity of other protein tyrosine kinases, such as JAK1, JAK3, 
HCK, epidermal growth factor receptor kinase and insulin receptor kinase 
(Mahajan et al (1999) Biol Chem. 274, 9587-9599). The skilled person will 
be well aware of methods known in the art for testing the effects of modulators, 
such as inhibitors, on the activity of different tyrosine kinases. 

The methods described above include the screening of drugs or lead 
compounds. Thus, it will be appreciated that in the methods of screening test 
agents as described herein, the test agent may be a drug-like compound or lead 
compound for the development of a drug-like compound. 

The term "drug-like compound" is well known to those skilled in the art, and 
may include the meaning of a compound that has characteristics that may make 
it suitable for use in medicine, for example as the active ingredient in a 
medicament. Thus, for example, a drug-like compound may be a molecule that 
may be synthesised by the techniques of organic chemistry, less preferably by 
techniques of molecular biology or biochemistry, and is preferably a small 
molecule, which may be of less than 5000 daltons and which may be water- 
soluble. A drug-like compound may additionally exhibit features of selective 
interaction with a particular protein or proteins and be bioavailable and/or able 
to penetrate target cellular membranes, but it will be appreciated that these 
features are not essential. 

The term "lead compound" is similarly well known to those skilled in the art, 
and may include the meaning that the compound, whilst not itself suitable for 
use as a drug (for example because it is only weakly potent against its intended 
target, non-selective in its action, unstable, poorly soluble, difficult to 
synthesise or has poor bioavailability) may provide a starting-point for the 
design of other compounds that may have more desirable characteristics. 
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Agents, preferably inhibitors, for use in the invention and identified by 
methods of the invention can be formulated with a pharmaceutical^ acceptable 
carrier to form a pharmaceutical formulation. Such formulations may 
conveniently be presented in unit dosage form and may be prepared by any of the 
methods well known in the art of pharmacy. Such methods include the step of 
bringing into association the active ingredient (e.g. an inhibitor used by or 
identified with a method of the invention) with the carrier which constitutes one 
or more accessory ingredients. In general the formulations are prepared by 
uniformly and intimately bringing into association the active ingredient with 
liquid carriers or finely divided solid carriers or both, and then, if necessary, 
shaping the product. 

Formulations in accordance with the present invention suitable for oral 
administration may be presented as discrete units such as capsules, cachets or 
tablets, each containing a predetermined amount of the active ingredient; as a 
powder or granules; as a solution or a suspension in an aqueous liquid or a non- 
aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid 
emulsion. The active ingredient may also be presented as a bolus, electuary or 
paste. 

A tablet may be made by compression or moulding, optionally with one or more 
accessory ingredients. Compressed tablets may be prepared by compressing in a 
suitable machine the active ingredient in a free-flowing form such as a powder or 
granules, optionally mixed with a binder (eg povidone, gelatin, 
hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant 
(eg sodium starch glycolate, cross-linked povidone, cross-linked sodium 
carboxymethyl cellulose), surface-active or dispersing agent. Moulded tablets 
may be made by moulding in a suitable machine a mixture of the powdered 
compound moistened with an inert liquid diluent. The tablets may optionally be 
coated or scored and may be formulated so as to provide slow or controlled 
release of the active ingredient therein using, for example, 



WO 01/66107 PCT/GB01/00949 

36 

hydroxypropylmethylcellulose in varying proportions to provide desired release 
profile. 

Formulations suitable for topical administration in the mouth include lozenges 
5 comprising the active ingredient in a flavoured basis, usually sucrose and acacia 
or tragacanth; pastilles comprising the active ingredient in an inert basis such as 
gelatin and glycerin, or sucrose and acacia; and mouth-washes comprising the 
active ingredient in a suitable liquid carrier. 

10 Formulations suitable for parenteral administration include aqueous and non- 
aqueous sterile injection solutions which may contain anti-oxidants, buffers, 
bacteriostats and solutes which render the formulation isotonic with the blood of 
the intended recipient; and aqueous and non-aqueous sterile suspensions which 
may include suspending agents and thickening agents. The formulations may be 

15 presented in unit-dose or multi-dose containers, for example sealed ampoules and 
vials, and may be stored in a freeze-dried (lyophilised) condition requiring only 
the addition of the sterile liquid carrier, for example water for injections, 
immediately prior to use. Extemporaneous injection solutions and suspensions 
may be prepared from sterile powders, granules and tablets of the kind previously 

20 described. 

Preferred unit dosage formulations are those containing a daily dose or unit, daily 
sub-dose or an appropriate fraction thereof, of an active ingredient. 

25 It should be understood that in addition to the ingredients particularly mentioned 
above the formulations of this invention may include other agents conventional in 
the art having regard to the type of formulation in question, for example those 
suitable for oral administration may include flavouring agents. 
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The following example illustrate a pharmaceutical formulation according to the 
invention in which the active ingredient is a compound of any of the above 
structures. 

5 Injectable Formulation 

Active ingredient 0.200 g 

Sterile, pyrogen free phosphate buffer (pH7.0) to 10 ml 

The active ingredient is dissolved in most of the phosphate buffer (35-40°C), 
10 then made up to volume and filtered through a sterile micropore filter into a 
sterile 10 ml amber glass vial (type 1) and sealed with sterile closures and 
overseals. 

Salts which may be conveniently used in therapy include physiologically 
15 acceptable base salts, for example, derived from an appropriate base, such as an 
alkali metal (eg sodium), alkaline earth metal (eg magnesium) salts, ammonium 
and NX/ (wherein X is C M alkyl) salts. Physiologically acceptable acid salts 
include hydrochloride, sulphate, mesylate, besylate, phosphate and glutamate. 

20 Salts according to the invention may be prepared in conventional manner, for 
example by reaction of the parent compound with an appropriate base to form the 
corresponding base salt, or with an appropriate acid to form the corresponding 
acid salt. 

25 Thus, aforementioned compounds, agents and inhibitors of the invention or salts 
thereof can be used to treat the aforementioned conditions. The compounds, 
agents and inhibitors or a formulation thereof may be administered by any 
conventional method including oral and parenteral (eg subcutaneous or 
intramuscular) injection. The treatment may consist of a single dose or a plurality 

30 of doses over a period of time. 
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Whilst it is possible for a compound of the invention to be administered alone, it 
is preferable to present it as a pharmaceutical formulation, together with one or 
more acceptable carriers. The carrier(s) must be "acceptable" in the sense of 
5 being compatible with the compound of the invention and not deleterious to the 
recipients thereof Typically, the carriers will be water or saline which will be 
sterile and pyrogen free. 

Proteins and peptides may be delivered using an injectable sustained-release 
10 drug delivery system. These are designed specifically to reduce the frequency 
of injections. An example of such a system is Nutropin Depot which 
encapsulates recombinant human growth hormone (rhGH) in biodegradable 
microspheres that, once injected, release rhGH slowly over a sustained period. 

15 The protein and peptide can be administered by a surgically implanted device 
that releases the drug directly to the required site. For example, Vitrasert 
releases ganciclovir directly into the eye to treat CMV retinitis. The direct 
application of this toxic agent to the site of disease achieves effective therapy 
without the drug's significant systemic side-effects. 

20 

Electroporation therapy (EPT) systems can also be employed for the 
administration of proteins and peptides. A device which delivers a pulsed 
electric field to cells increases the permeability of the cell membranes to the 
drug, resulting in a significant enhancement of intracellular drug delivery. 

25 

Proteins and peptides can be delivered by electroincorporation (EI). EI occurs 
when small particles of up to 30 microns in diameter on the surface of the skin 
experience electrical pulses identical or similar to those used in electroporation. 
In EI, these particles are driven through the stratum corneum and into deeper 
30 layers of the skin. The particles can be loaded or coated with drugs or genes or 
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can simply act as "bullets" that generate pores in the skin through which the 
drugs can enter. 

An alternative method of protein and peptide delivery is the ReGel injectable 
5 system that is thermo-sensitive. Below body temperature, ReGel is an 
injectable liquid while at body temperature it immediately forms a gel reservoir 
that slowly erodes and dissolves into known, safe, biodegradable polymers. 
The active drug is delivered over time as the biopolymers dissolve. 



10 Protein and peptide pharmaceuticals can also be delivered orally. The process 
employs a natural process for oral uptake of vitamin B12 in the body to co- 
deliver proteins and peptides. By riding the vitamin B !2 uptake system, the 
protein or peptide can move through the intestinal wall. Complexes are 
synthesised between vitamin Bi 2 analogues and the drug that retain both 

15 significant affinity for intrinsic factor (IF) in the vitamin B 12 portion of the 
complex and significant bioactivity of the drug portion of the complex. 

Proteins and polypeptides can be introduced to cells by "Trojan peptides". 
These are a class of polypeptides called penetratins which have translocating 
20 properties and are capable of carrying hydrophilic compounds across the 
plasma membrane. This system allows direct targetting of oligopeptides to the 
cytoplasm and nucleus, and may be non-cell type specific and highly efficient. 
See Derossi et al (1998), Trends Cell Biol 8, 84-87. 

25 As used herein "pharmceutically effective amount" includes within its meaning 
the optimum amount of compound, agent or inhibitor of the invention to be 
administered to the individual. This can be determined by a person skilled in the 
art taking into account the species, size, age and health of the patient or subject. 
The optimum amount will be the amount that is able to best inhibit the activity of 

30 a Tec family PTKs without causing unacceptable levels unwanted side effects, 
such as cytotoxic effects or immune responses. The skilled person will be able to 
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determine whether a dose has an unacceptable side effect. The amount of 
compound, agent or inhibitor to be administered in a single dose is typically from 
1 ng to lOOg, more typically from ljig to lOg, yet more typically from Img to lg, 
preferably from lOmg to 100 mg. As a general proposition, the total 
5 pharmaceutical^ effective amount of inhibitor, preferably administered 
parenterally, per dose will be in the range of 1 |ig/kg/day to 10 mg/kg/day of a 
patient body- weight. More preferably this dose is at least 0.01 mg/kg/day, 
most preferably in humans between about 0.01 and 1 mg/kg/day. 

10 Inhibitors use by and identified by methods of the invention may be used to 
study the inhibition of sepsis, septic shock and/or inflammation caused by 
stimuli such as but not limitted to TRR ligands, LPS and zymosan. Typically 
the study is in vitro. 

15 The invention will now be described in more detail by reference to the 
following Figures and Examples wherein: 

Figure 1. Btk is activated in response to LPS stimulation of RAW 264.7 
murine macrophages and primary human monocytes. 

20 

Figure 2. Overexpression of Btk but not PyK-2 increase LPS induced TNF 
expression in PBMCs. 

Figure 3. Effect of a specific Btk inhibitor on LPS-induced TNF-a production 
25 in RAW 264.7 murine macrophages. 



Figure 4. Stimulus-induced cytokine expression in PBMCs from XL A and 
normal donors. Figures 4 (a), (b) & (c) LPS-induced TNFa expression in 
PBMCs from XLA and normal donors. Figure 4 (d) LPS-induced IL-lp 
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expression in PBMCs from XL A and normal donors. Figure 4 (e) zymosan- 
induced TNFa expression in PBMCs from XLA and normal donors. 



Figure 5. Pathways controlling IkBoc degradation induced by LPS do not 
appear to require tyrosine kinase. 

Figure 6. LPS can still induce IkBcc degradation in XLA PBMC. 

Figure 7. Maturing human XLA monocytes with M-CSF restores TNF 
production. 

Figure 8. Maturing monocytes with M-CSF up-regulates Tec expression. 

Figure 9. LPS activates Tec kinase in human M-CSF monocytes. 

Figure 10. Tyrosine kinase inhibitor herbimycin blocks spontanteous TNF 
production in RA synovial membrane cultures. 

Figure 11. The nucleotide sequence of Btk. The sequence has the following 
features: misc_feature 173..562 /note="PH; Region: PH domain"; misc_feature 
566..673 /note="Btk; Region: Btk motif; misc_feature S66..673 /note="Btk; 
Region: Bruton's tyrosine kinase Cys-rich motif 1 ; misc_feature 8 12. .970 
/note="SH3; Region: Src homology 3 domains"; misc_feature 8 12.. 976 
/note="SH3; Region: SH3 domain"; miscjeature 998..1267 /note="SH2; 
Region: Src homology 2 domains"; misc_feature 1004..1249 /note="SH2; 
Region: Src homology domain 2"; miscjeature 1367..2053 /note="pkinase; 
Region: Eukaryotic protein kinase domain"; misc_feature 1367..2065 
/note="TyrKc; Region: Tyrosine kinase, catalytic domain"; miscjeature 
1373. .2056 /note="S_TKc; Region: Serine/Threonine protein kinases, catalytic 
domain" 
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Figure 12. The polypeptide sequence of Btk. 



Figure 13. The nucleotide sequence of Tec. The sequence has the following 
features: miscjeature 72.365 /note="PH; Region: PH domain"; miscjfeature 
5 414..497 /note="Btk; Region: Btk motif 1 ; misc_feature 414..497 /note= M Btk; 
Region: Bruton's tyrosine kinase Cys-rich motif; misc_feature 600..758 
/note="SH3; Region: Src homology 3 domains"; miscjfeature 600..761 
/note="SH3; Region: SH3 domain"; miscjeature 789.. 1064 /note="SH2 
Region: Src homology 2 domains"; miscjfeature 795.. 1046 /note="SH2 
10 Region: Src homology domain 2"; misc_feature 1164.. 1904 /note="pkinase: 
Region: Eukaryotic protein kinase domain"; misc_feature 1164.. 1907 
/note="TyrKc; Region: Tyrosine kinase, catalytic domain"; misc_feature 
11 70.. 1754 /note="S_TKc; Region: Serine/Threonine protein kinases, catalytic 
domain" 

15 

Figure 14. The polypeptide sequence of Tec. 



Figure 15. The nucleotide sequence of Itk. The sequence has the following 
features: miscjeature 206..313/note="Btk; Region: Bruton's tyrosine kinase 

20 Cys-rich motif 1 ; miscjeature 206..313/note="Btk; Region: Btk motif; 
miscjeature 389..547/note="SH3; Region: SH3 domain"; miscjeature 
395..544/note="SH3; Region: Src homology 3 domains"; miscjfeature 
578..856/note="SH2; Region: Src homology 2 domains"; miscjeature 
584..838/note="SH2; Region: Src homology domain 2"; miscjeature 

25 956..1705/note="TyrKc; Region: Tyrosine kinase, catalytic domain"; 
miscjeature 956..1705/note="pkinase; Region: Eukaryotic protein kinase 
domain"; miscjeature 962..1591/note="SJTKc; Region: Serine/Threonine 
protein kinases, catalytic domain" 



30 Figure 16. The polypeptide sequence of Itk. 
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Figure 17. The polypeptide sequence of Txk. The sequence has the following 
features: Protein L.531/product="TXK tyrosine kinase; Region 
86..137/region_name="Src homology 3 domains 7db_xref ="CDD:SH3/note 
="SH3"; Region 86.. 1 39/region_name="SH3 domain" /db_xre£= 
5 "CDD:pfam0001 87note= f, SH3"; Region 148..237/region_ name="Src 
homology 2 domains7db_xref="CDD:SH2" /note="SH2"; Region 150..231 
/region_name="Src homology domain 2" /db_xref="CDD:pfam000 1 7" 
/note="SH2"; Region 271. .522 /region_name="Tyrosine kinase, catalytic 
domain" /db_xref^"CDD:TyrKc /note="TyrKc"; Region 

10 273..504/region_name="Serine/Threonine protein kinases, catalytic domain" 
/db_xref="CDD:S_TKc" /note="S_TKc"; Region 273..521 /region_name= 
"Eukaryotic protein kinase domain" /db_xref= "CDD: pfam00069" / 
note="pkinase 

15 Figure 18. The nucleotide sequence of Bmx. The sequence has the following 
features: misc_feature 49.. 3 66 /note="PH; Region: PH domain"; misc_feature 
370..477 /note="Btk; Region: Btk motif; misc_feature 370..477 /note="Btk; 
Region: Bruton's tyrosine kinase Cys-rich motif; misc_feature 913.. 1182 
/note="SH2; Region: Src homology 2 domains" misc_Jeature 9 19.. 11 64 

20 /note="SH2; Region: Src homology domain 2"; misc_feature 1282..2031 
/note="TyrKc; Region: Tyrosine kinase, catalytic domain"; misc_feature 
1282..2022 /note="pkinase: Region: Eukaryotic protein kinase domain"; 
misc_feature 1288. .2049 /note="SJTKc; Region: Serine/Threonine protein 
kinases,catalytic domain" 

25 

Figure 19. The polypeptide sequence of Bmx. 
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Isolation and culture of human monocytes 

Human peripheral blood monocytes were freshly prepared from the buffy coat 
5 fraction of a unit of blood from a single donor. Mononuclear cells were 
prepared by Ficoll-Hypaque centrifugation on a Lymphoprep gradient and 
monocytes were isolated by centrifugal elutriation on a Beckman JE6 elutriator 
(High Wycombe, United Kingdom) using RPMI 1640 medium with 2 mM L- 
glutamine and 1% heat-inactivated foetal calf serum. Monocyte purity was 

10 routinely assessed by flourescence-activated cell-sorting forward/side scatter 
measurements in a Becton Dickinson FACScan. Monocyte fractions of >85% 
purity were routinely collected in this manner. Monocytes were cultured in 
RPMI 1640 medium with 2 mM L-glutamine, 100 units/ml 
penicillin/streptomycin and 10% heat-inactivated fetal calf serum at 37°C in a 

15 humidified atmosphere containing 5% C0 2 . Monocytes were treated with M- 
CSF (100 ng/ml), (generous gift from Glenn Larsen, Genetics Institute, 
Boston) for 48 h prior to viral infection. 

Culture of murine macrophage cell line, Raw 264. 7 
20 The murine macrophage cell line, Raw 264.7 were maintained in DMEM 
medium supplemented with 100 units/ml penicillin/streptomycin and 5% heat- 
inactivated fetal calf serum at 37°C in a humidified atmosphere containing 5% 
C0 2 . 

25 Rheumatoid synovial cell preparation 

Synovium from rheumatoid patients undergoing joint replacement surgery was 
dissociated by cutting into small pieces, digested with collagenase and DNase 
(Buchan et al., 1988). The total cell mixture consisting predominantly of T 
cells and macrophages were cultured at a density of 1 X 10 6 cells/ml in RPMI 

30 containing 100 units/ml penicillin/streptomycin and 5% heat-inactivated fetal 
calf serum. 
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Isolation and culture of PBMCs from XLA and control donors 
Human blood samples were collected into Lithium heparin vacutainers. Each 
blood sample was mixed with an equal volume of Hank's Balanced Salt 
Solution (HBSS). Peripheral blood mononuclear cells (PBMCs) were prepared 
by Ficoll-Hypaque centrifugation on a Lymphoprep gradient. PBMCs were 
resuspended in RPMI containing 100 units/ml penicillin/streptomycin and 10% 
heat-inactivated foetal calf serum and cultured as described for monocytes 
above. In some cases monocytes were isolated from the PBMCs by adherance 
to plastic for lh at 37°C in RPMI/10% FCS. Non-adherant cells were 
subsequently washed off and the adherant macrophages were rested overnight 
and then stimulated with LPS. Control blood was taken from healthy males of 
a similar age range to the XLA patient. 

Adenoviral vectors and their propagation 

The pAdEasy-1 adenoviral plasmid was provided by B. Vogelstein (The 
Howard Hughes Medical Institute, Baltimore, MD). A plasmid containing 
human wild type Btk cDNA was provided by Dr. Christine Kinnon (Institute of 
Child Health, London, U.K.). An adenovirus was constructed encoding wild 
type human Btk using the AdEasy system as described by He et al. (1998, 
Proc. Natl. Acad. ScL USA, 95, 2509-2514). Recombinant viruses were 
generated in BJ5183 bacterial cells transformed by the heat-shock method with 
1 (ig of linearised modified AdTrack constructs and lOOng of replication- 
deficient adenoviral vector, pAdEasy-1. Positive recombinant clones were 
selected through their resistance to kanamycin. Following selection, DNA was 
extracted and used for virus propagation in 293 human embryonic kidney cells. 
Viruses were purified by ultracentrifugation through two cesium chloride 
gradients as described by He et al. (1998, Proc. Natl. Acad. Sci. USA, 95, 2509- 
2514). Titres of viral stocks were determined by plaque assay in 293 cells after 
exposure for 1 hour in serum free DMEM medium (Gibco BRL) and 
subsequently overlayed with agarose/DMEM and incubated for 10-14 days. 
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Each adenovirus encodes a version of the Btk gene under the control of a 
cytomegalovirus (CMV) promoter and also the gene for green fluorescent 
protein (GFP) under a CMV promoter. The GFP enabled infection efficiencies 
in cells to be assessed using a UV light microscope. Recombinant, replication 
deficient adenoviral vectors encoding GFP (AdGFP) were kindly provided by 
Dr. Cathleen Ciesielski and Dr. Clive Smith (Kennedy Institute, London, 
United Kingdom). 

The GFP (AdGFP) was made as above using the Vogelstein reagents using the 
method of He et al. (1998, Proc. Natl Acad. Sci. USA, 95, 2509-2514) using 
techniques known in the art. 

Viral Infection 

Macrophages derived from monocytes following M-CSF (100 ng/ml) treatment 
for 48 h were washed in serum-free RPMI medium and then exposed to virus at 
different multiplicity of infection (m.o.i.) for 1 hour in serum-free RPMI at 
37°C. Following exposure to virus, macrophages were washed in RPMI and 
cultured in complete medium for 24 h or 48 h. Macrophages were then either 
assessed for expression of Btk by lysis and Western blotting or stimulated with 
LPS for various time periods. 

Immunoprecipitation and in vitro kinase assay 

Btk autokinase activity was measured in response to LPS in Raw 246.7 murine 
macrophages and primary human monocytes. Raw 246.7 cells were rested 
overnight either in 0.5% FCS/DMEM, or in serum-free DMEM, preferably in 
in serum-free DMEM. 

Cells were then stimulated with LPS (lOng/ml) for various times and then 
pelleted quickly. Pellets were lysed in 1% NP40 lysis buffer containing 20 mM 
Tris pH 8, 130 mM NaCl, 10 mM NaF, 1 mM DTT, 20 \M leupeptin or 10 uM 



WO 01/66107 PCT/G BO 1/00949 

47 

E64, 100 ^iM sodium orthovanadate, 1 mM PMSF and 2 mg/ml aprotinin. 
Cells were lysed for 20 min on ice and then centrifuged in a microfuge for 10 
min at 1300rpm at 4°C. The supernatants were removed and precleared for 30 
min at 4°C in 30 |il protein A (previously washed in lysis buffer). 

5 

With cells prepared according to protocol 1, after centrifiiging the samples for 
10 min at 13Q0rpm, the supernatants were removed and incubated with 4 jil of 
polyclonal anti-Btk M-138 (Santa Cruz) or polyclonal rabbit anti-Btk (gift from 
C. Kinnon, Institute of Child Health, London) for 1 h at 4°C. Protein A (20 ^1) 

10 was then added to each sample and incubated for 1 .5 h at 4°C. Beads were then 
pelleted and washed 4X in lysis buffer, and IX in kinase buffer (10 mM 
MgCl 2 ; 10 mM MnCl 2 ). Washes for polyclonal anti-Btk M-138 (Santa Cruz) 
further included lx RIPA buffer. Beads were mixed with 30 |il kinase buffer 
containing y 32 P [ATP] and incubated for 15 min at room temperature. The 

15 reaction was stopped by the addition of 2X Laemilli buffer gel sample buffer 
and the samples were boiled for 3 min. 

Samples were electrophoresed on an 8% SDS polyacrylamide gel. The gel was 
stained, fixed, dried and autoradiographed. 

20 

Tec autokinase activity was measured as described previously by Mano et al 
(1995, Blood, 82, 343-350). Monocytes were incubated with M-CSF 
(lOOng/ml) for 48h and then rested overnight without M-CSF before 
stimulation with LPS. Tec protein was immunoprecipitated either with rabbit 
25 anti-Tec serum (gift from Dr. Mano, Jichi Medical School, Toshigi, Japan) or 
goat polyclonal anti-Tec (Santa Cruz). 
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Westerns blots 

Cell lysates were prepared as outlined above using lysis buffer containing 1% 
Trition XI 00, 20mM Hepes, pH 7.4, 50mM p-glycerophosphate, 2mM EGTA, 
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150mM NaCl, 10% glycerine, lmM DTT, ImM Na orthovanadate, ImM 
PMSF, lOmM NaF, lug/ml pepstatin, 3ug/ml aprotinin lOuM E64. Lysates 
were electrophoresed on a 8% or 10% SDS-polyacrylamide gel and transferred 
onto PVDF membrane. The membranes were blocked in 5% Marvel/TSB- 
Tween 20 (0.1%) containing lOmM NaF and ImM Na orthovanadate for lh at 
room temperature. After blocking, membranes were probed either with lug/ml 
anti-Btk (Pharminogen) or 1:1000 anti-IicBo: (Santa Cruz) or 1:1000 anti- p54 
(INK) (kindly provided by Professor Saklatvala, Imperial College, London) in 
5% marvel/PBS/Tween 20 (0.05%). Tec protein was detected using either 
rabbit anti-Tec serum (gift from Dr. Mano, Jichi Medical School, Toshigi, 
Japan) or goat polyclonal anti-Tec (Santa Cruz). HRP-conjugated anti-rabbit 
or anti-goat immunoglobulins (Dako) diluted 1:2000 in 5% Marvel/TBS- 
Tween-20 (0.1%) were used as secondary antibody. Following extensive 
washing in TBS/Tween (0.1%) the membranes were developed using enhanced 
chemiluminescence (ECL) according to manufacturer's instructions. 

Enzyme-linked Immunosorbent Assay (ELISA) 

Supernatants from experiments using either human macrophages, rheumatoid 
synovial cells or PBMCs were analyzed for TNF-a ot IL-1 by enzyme-linked 
immunosorbent assay (ELISA). The ELISA for hTNF-ct was performed as 
described by Engelberts et al. (1991) Lymphokine Cytokine Res. 10, 60-76. 

RESULTS 

Btk is activated upon LPS stimulation 

Figure 1(a) shows that LPS (lOng/ml) stimulation of the murine macrophage 
cell line, Raw 264.7 cells induced a 2-3 fold increase in Btk autokinase activity 
above basal levels. Autophosphorylation of Btk could be detected at 5 min and 
peaked between 20-30 min (Fig 1). Dose response studies carried out at the 
optimal stimulation time of 20 min showed a typical dose responsive increase 
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in autokinase activity of Btk in response to LPS, which peaked between 10-100 
ng/ml LPS (data not shown). 

Figure 1(b) shows that Btk is activated in response to LPS stimulation of 
5 primary human monocytes. Primary human monocytes (B) were stimulated 
with LPS (lOng/ml) for the indicated intervals. Cells were lysed and 
immunoprecipitated with either anti-Btk antibody or non-immune rabbit serum 
(NRS). Immune complex kinase assays were performed and 
autophosphorylated Btk proteins were detected by autoradiography of the SDS- 
10 PAGE gel. This result is representative of three separate experiments. 

Overexpression of Btk adenovirus enhances LPS-induced cytokine 
production 

Cells were infected either with AdW.T.Btk or the contol virus, Adp-Gal (gift 
15 from Drs. A Byrne and A Wood, Oxford University) and then either left 
untreated or stimulated with LPS (lOng/ml) for 4h. The supernatants were 
harvested and assayed for TNF-a by ELISA as described above. TNF-ct levels 
in supernatants from uninfected control cells were below the detection limit of 
the ELISA (<50pg/ml) (data not shown). Infection with AdW.T.Btk alone did 
20 not cause the macrophages to produce TNF-a (data not shown). Following 24h 
stimulation with LPS uninfected macrophages produced 3 +/- 0.4 ng/ml TNF- 
ct (data not shown). Infection with 50:1 Ad(i-Gal (control virus) did not 
significantly effect the response of these cells to LPS (data not shown). 
Infection with 25:1 AdW.T.Btk caused a 1.6 fold increase in TNF-a expression 
25 over uninfected LPS-stimulated cells (data not shown). Furthermore, infection 
with 50:1 AdW.T.Btk caused a 1.7 fold augmentation of TNF-a expression 
(data not shown). 



To confirm these results, M-CSF(100ng/ml) treated monocytes from normal 
30 donors were infected or uninfected with the indiciated viruses. Cells were 
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activated by 10 ng/ml LPS where shown. After 24 h culture supernatants were 
harvested and analysed for TNF production by ELISA Over expression of Btk 
lead to an enhanced production of TNF (Figure 2). By contrast, over 
expression of pyk2 using the same approach produced an insignificant effect 
(Figure 2). The effect of a Btk mutein (defective in enzymatic activity) 
produced no effect on TNF production (not shown), which demonstrates that 
the effect of Btk is dependant on kinase activity. In the absence of LPS 
overexpression of Btk induces low production of TNF over background. 

Effects of a specific Btk inhibitory LFM-A13, on LPS-induced cytokine 
production in Raw 264. 7 cells 

LFM-A13 has been shown to inhibit Btk function both in vitro and in vivo 
(Mahajan et ai, 1999). This compound was investigated for its effects on 
TNF-a production. RAW 264.7 murine macrophages were pretreated with 
various concentrations of LFM-A13 or vehicle control (0.05% DMSO) for lh 
prior to stimulation with LPS (lOng/ml) for 4h at 37°C. Supernatants were then 
harvested and assayed for TNF-a by ELISA as described in the Methods 
section. LFM-A13 was found to block TNF-a expression in a dose-dependent 
manner, giving a 44% inhibition at 200 |iM (Fig. 3). The use of this compound 
above this concentration was not possible due to the toxicity that this 
compound exhibited. 

TRR ligand-induced cytokine production in PBMCs from XLA patients and 
control donors 

To confirm the role of Btk in controlling TNF-a production we also 
investigated the response of XLA patients, who are deficient in Btk expression. 
Figure 4(a) shows the response of PBMCs isolated from the whole blood 
samples of XLA and normal male donors. PBMCs were stimulated with 
various concentrations of LPS (0.1-100 ng/ml) for 18h. Supernatants were 
harvested and assayed for TNF-a by ELISA as described in the Methods 



WO 01/66107 PCT/GB01/00949 

51 

section. PBMCs from XLA patients consistently expressed less TNF-ot in 
response to LPS at concentrations between 1-100 ng/ml. This reduction in 
TNF expression in these patients compared to controls was statistically 
significant. 

To confirm this result, LPS-induced TNF-a expression was assayed in PBMCs 
from XLA and normal donors. PBMC were isolated from whole blood 
samples of XLA and normal male donors. PBMCs were then stimulated with 
various concentrations of LPS (0.1-100 ng/ml) for 18h. Supernatants were then 
harvested and assayed for TNF-a by ELISA. Student t-test P values show that 
the impairment of the XLA response was significant: *p<0.05, **<0.001, 
***<0.01 as shown in Figure 4(b). The TNF response of XLA, PBMC to LPS 
is greatly impaired, with the production of cytokines being only 20% of normal 
(Figure 4(c)). 

As with the assay for TNF-a production described above, LPS-induced IL-ip 
production was also impaired in XLA PBMC as shown in Figure 4(d). The 
impaired response of XLA PMBC was not only restricted to LPS as zymosan 
activation was also greatly attenuated in the Btk deficient cells as shown in 
Figure 4(e). As zymosan is thought to act via TLR2, this would indicate that 
Btk, and potentially other Tec family PTK members, may be involved in the 
function of Toll-like receptors generally. 

LPS can still induce IKK activation/1 kB a degradation in XLA PBMC 
The low of response of XLA PBMC lead us to investigate whether the defect 
was a direct effect on the absence of Btk or a secondary effect related to 
impaired monocyte development. The expression of the LPS receptor CD 14 
was normal on XLA monocytes (results not shown) and previous investigations 
of XLA patients shown normal levels of circulating monocytes. We therefore 
investigated the function of internal signalling pathways. LPS activation of the 
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IkBcx kinases (IKK) is thought to be independent of tyrosine kinase activity 
(Figure 5). 

Monocytes were isolated from PBMCs by plastic adherence. Monocytes were 
5 stimulated with LPS (lOng/ml) for 20 minutes. Cells were pelleted and lysed 
as described in "Methods". Proteins were separated on 8% SDS- 
polyacrylamide gel and transferred onto nitrocellulose. Blots were probed with 
antibodies to IkBcx or Btk. Blots were subsequently stripped and re-probed for 
the non-phosphorylated form of p54Jnk to show equal loading of gels. Certain 

10 studies have shown that the activation of NFkB DNA binding activity by LPS 
is resistant to tyrosine kinase activity (Delude et al (1994) J Biol Chem., 269, 
22253; Yoza et al. (1996) J Biol Chem., 271, 18306). In agreement with this 
previous data we observed that IkBoc degradation induced by LPS was normal 
in XLA PBMC (Figure 6). These data would indicate that the impaired TNF 

15 production is directly related to absence of Btk and not a more general down 
regulation of all LPS responses. 

Maturing human XLA monocytes with M-CSF restores TNF production 
The above data with XLA derived cells and the production of TNF was a 

20 surprise, as XLA patients do not shown any obvious impairment of their innate 
immune response. Moreover previous studies on macrophage or splenocytes 
have generally concluded that the production of cytokines is normal, although 
NO production has been shown to be impaired (Hata et al (1998) J. Exp. Med., 
187, 1235; Mukhopadhyay et al. (1999)7. Immunol, 163, 1786). However it is 

25 possible that the role of Btk is different in mice and humans especially as the 
phenotype of XLA and xid is not identical. An alternative explanation was that 
our studies have measured the response of monocytes whereas the studies on 
mice used matured macrophages and thus there is the possibility that there is a 
different requirement for Btk during myleoid differentiation. 
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The effect of M-CSF treatment on LPS-stimulated TNFa production in XLA 
monocytes was assayed. Monocytes were purified by plastic adherence from 
PBMCs using blood from XLA or normal donors. Cell were either stimulated 
with LPS (lOng/ml) for 2h immediately or incubated with M-CSF (lOOng/ml) 
5 for 48h prior to LPS stimulation. Supernatants were harvested and assayed for 
TNFa expression by ELISA. Maturation of XLA monocytes along the 
macrophage lineage with M-CSF greatly improved the production of TNF in 
response to LPS (Figure 7) indicating that there was a decreased requirement 
for Btk. These data therefore support the above hypothesis that there is the 
10 possibility that there is a different requirement for Btk during myleoid 
differentiation. 

Maturing monocytes up-regulate Tec expression 

Together these data suggested that macrophages lost their absolute requirement 
15 for Btk. We investigated the reasons for this, in particular, the possibility that 
another member of the Tec family of tyrosine kinase, Tec itself, a kinase also 
reported to be expressed in monocytic cells, may be compensating for Btk. 
The compensation of function between the members of the same tyrosine 
kinases family is known. 

20 

The effect of M-CSF treatment on Tec expression in primary human 
monocytes was assayed. Monocytes were isolated from PBMCs by plastic 
adherence using blood from either normal (Figure 8, lanes 1&2) or XLA 
donors (Figure 8, lanes 3&4). Monocytes were then either lysed immediately 

25 or incubated with M-CSF (lOOng/ml) for 48 hours and then lysed. Cells lysates 
were prepared and proteins were separated on 7.5% SDS-polyacrylamide gel 
and transferred onto nitrocellulose. Blots were probed either with anti- 
TecSH3, anti-Btk (Santa Cruz) or actin antibody. We observed that expression 
of Tec was low in purified monocytes from normal or XLA blood, however 

30 activation of the monocytes by M-CSF caused a great up-regulation in the 
expression of Tec kinase (Figure 8). 
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LPS activates Tec kinase in Human M-CSF monocytes 
For Tec to compensate for Btk it should be activated by LPS, this was 
demonstrated by the data in figure 9. Monocytes were isolated from PBMCs 
5 by centrifugal elutriation using blood from normal donors. Monocytes were 
incubated with M-CSF (lOOng/ml) for 48h and then stimulated with LPS for 
the indicated time periods. Tec was immunoprecipitated using anti-Tec (Santa- 
Cruz) antibody or an irrelevant antibody (NRS) and in vitro autokinase assay 
was performed as described in "Methods". Immunocomplexes were separated 
10 on 7.5% SDS-polyacrylamide gel. The gel was stained with Coomassie Blue, 
dried and was subjected to autoradiography. Figure 9 shows a rapid and potent 
activation of Tec. These data demonstrate that Tec tyrosine kinases are 
potentially important modulators of TNF expression and this is the first 
tyrosine kinase whose activation has been linked to the expression of TNF. 

15 

Inhibition of tyrosine kinase activity blocks spontaneous TNF production in 
rheumatoid arthritis synovial membrane culture 

RA synovial cultures were treated with herbimycin at the given concentrations. 
Following overnight culture the supernatants were harvested and TNF 
20 expression measured by ELISA. We have demonstrated that herbimycin is a 
potent inhibitor of TNF production from RA synovial membrane cultures. This 
indicates that tyrosine kinase activity is also required by the stimulus driving 
TNF production in RA (Figure 10). 
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1. A method of treating a condition associated with cytokine production in 
a mammal comprising administering a pharmaceutical^ effective amount of an 

5 inhibitor of a member of the Tec family of protein tyrosine kinases (PTKs). 

2. Use of an inhibitor of a member or members of the Tec family of PTKs 
in the manufacture of a medicament for use in the treatment of a condition 
associated with cytokine production. 

10 

3. A method or according to claim 1 or use according to claim 2 wherein 
the cytokine associated condition is a tumour necrosis factor (TNF) associated 
condition. 

15 4. A method or use according to claim 3 wherein the TNF is TNFa. 

5. A method or according to claim 1 or use according to claim 2 wherein 
the cytokine associated condition is an interleukin-1 (IL-1) associated 
condition. 

20 

6. A method or use according to claim 5 wherein the IL-1 is IL-ip. 

7. A method or use according to any one of the preceding claims wherein 
the condition is sepsis. 

25 

8. A method or use according to any one of claims 1 to 6 wherein the 
condition is septic shock. 

9. A method or use according to any one of claims 1 to 6 wherein the 
30 condition is inflammation. 
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10. A method or use according to any one of claims 1 to 6 wherein the 
condition is rheumatoid arthritis. 

11. A method or use according to any one of claims 1 to 6 wherein the 
5 condition is Crohn's disease 

12. A method or use according to any one of the preceding claims wherein 
the condition is induced by a Toll Related Receptor (TRR) ligand. 

10 13. A method or use according to any one of the preceding claims wherein 
the condition is induced by lipopolysaccharide (LPS). 

14. A method or use according to any one of the preceding claims wherein 
the condition is induced by zymosan. 

15 

15. A method or use according to any one of claims 1 to 13 wherein the 
condition is induced by Gram-negative bacteria. 

16. A method or use according to any one of the preceding claims wherein 
20 the inhibitor is specific for a member or members of the Tec family of PTKs. 

17. A method or use according to any one of the preceding claims wherein 
the member of the Tec family of PTKs is Bruton's tyrosine kinase (Btk). 

25 18. A method or use according to any one of claims 1 to 16 wherein the 
member of the Tec family of PTKs is Tec. 

19. A method or use according to any one of the preceding claims wherein 
the inhibitor is a chemical inhibitor. 
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20. A method or use according to claim 19 wherein the inhibitor is LFM- 
A13. 

21. A method or use according to any one of claims 1 to 18, wherein the 
inhibitor is an antibody or a fragment thereof which is capable of binding 
specifically to a member or members of the Tec family of PTKs or a fragment 
thereof. 

22. A method or use according to any one of claims 1 to 18, wherein the 
inhibitor is a nucleic acid capable of reducing the expression of a member or 
members of the Tec family of PTKs. 

23. A method or use according to claim 22 wherein the nucleic acid 
comprises the sequence or complementary sequence as defined in any one of 
Figure 11, 13, 15 or 18, or the sequence of a nucleic acid that encodes a 
polypetide as defined in any one of Figures 12, 14, 16, 17 or 19, or a 
complementary seqeunce thereof, a variant of any one of these sequences, or a 
fragment of any of the above. 

24. A method for identifying an inhibitor of a member or members of the 
Tec family of PTKs which inhibitor is suitable for use in a the treatment of a 
condition associated with cytokine production, the method comprising: 

(a) providing, as a first component, a cell capable of TRR ligand- 
induced cytokine production; 

(b) providing, as a second component, a TRR ligand; 

(c) contacting the first and the second components in the presence of 
a test agent; 

(d) determining whether the test agent is able to inhibit the TRR 
ligand-induced activity of a member of the Tec family of PTKs; 

thereby to determine whether the test agent could act as an inhibitor of cytokine 
production. 
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25. A method according to Claim 24 further comprising the step of 
determining whether the inhibitor is specific for Tec family PTKs 

26. An inhibitor of TRR ligand-induced expression of cytokines 
identified or identifiable by a method as defined in claim 24 or 25. 

27. A pharmaceutical formulation comprising a pharmaceutically 
acceptable carrier and an inhibitor of a member of the Tec family of PTKs 
identifiable by a method according to claim 24 or 25. 

28. Use of an inhibitor of a member or members of the Tec family of 
PTKs to study the inhibition of sepsis, septic shock and/or inflammation caused 
by a TRR ligand, in vitro. 
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1 ctcagactgt ccttcctctc tggactgtaa gaatatgtct ccagggccag tgtctgctgc 

61 gatcgagtcc caccttccaa gtcctggcat ctcaatgcat ctgggaagct acctgcatta 

121 agtcaggact gagcacacag gtgaactcca gaaagaagaa gctatggccg cagtgattct 

181 ggagagcatc tttctgaagc gatcccaaca gaaaaagaaa acatcacctc taaacttcaa 

241 gaagcgcctg tttctcttga ccgtgcacaa actctcctac tatgagtatg actttgaacg 

301 tgggagaaga ggcagtaaga agggttcaat agatgttgag aagatcactt gtgttgaaac 

361 agtggttcct gaaaaaaatc ctcctccaga aagacagatt ccgagaagag gtgaagagtc 

421 cagtgaaatg gagcaaattt caatcattga aaggttccct tatcccttcc aggttgtata 

481 tgatgaaggg cctctctacg tcttctcccc aactgaagaa ctaaggaagc ggtggattca 

541 ccagctcaaa aacgtaatcc ggtacaacag tgatctggtt cagaaatatc acccttgctt 

601 ctggatcgat gggcagtatc tctgctgctc tcagacagcc aaaaatgcta tgggctgcca 

661 aattttggag aacaggaatg gaagcttaaa acctgggagt tctcaccgga agacaaaaaa 

721 gcctcttccc ccaacgcctg aggaggacca gatcttgaaa aagccactac cgcctgagcc 

781 agcagcagca ccagtctcca caagtgagct gaaaaaggtt gtggcccttt atgattacat 

841 gccaatgaat gcaaatgatc tacagctgcg gaagggtgat gaatatttta tcttggagga 

901 aagcaactta ccatggtgga gagcacgaga taaaaatggg caggaaggct acattcctag 

961 taactatgtc actgaagcag aagactccat agaaatgtat gagtggtatt ccaaacacat 

1021 gactcggagt caggctgagc aactgctaaa gcaagagggg aaagaaggag gtttcattgt 

1081 cagagactcc agcaaagctg gcaaatatac agtgtctgtg tttgctaaat ccacagggga 

1141 ccctcaaggg gtgatacgtc attatgttgt gtgttccaca cctcagagcc agtattacct 

1201 ggctgagaag caccttttca gcaccatccc tgagctcatt aactaccatc agcacaactc 

1261 tgcaggactc atatccaggc tcaaatatcc agtgtctcaa caaaacaaga atgcaccttc 

1321 cactgcaggc ctgggatacg gatcatggga aattgatcca aaggacctga ccttcttgaa 

1381 ggagctgggg actggacaat ttggggtagt gaagtatggg aaatggagag gccagtacga 

1441 cgtggccatc aagatgatca aagaaggctc catgtctgaa gatgaattca ttgaagaagc 

1501 caaagtcatg atgaatcttt cccatgagaa gctggtgcag ttgtatggcg tctgcaccaa 

1561 gcagcgcccc atcttcatca tcactgagta catggccaat ggctgcctcc tgaactacct 

1621 gagggagatg cgccaccgct tccagactca gcagctgcta gagatgtgca aggatgtctg 

1681 tgaagccatg gaatacctgg agtcaaagca gttccttcac cgagacctgg cagctcgaaa 

1741 ctgtttggta aacgatcaag gagttgttaa agtatctgat ttcggcctgt ccaggtatgt 

1801 cctggatgat gaatacacaa gctcagtagg ctccaaattt ccagtccggt ggtccccacc 

1861 ggaagtcctg atgtatagca agttcagcag caaatctgac atttgggctt ttggggtttt 

1921 gatgtgggaa atttactccc tggggaagat gccatatgag agatttacta acagtgagac 

1981 tgctgaacac attgcccaag gcctacgtct ctacaggcct catctggctt cagagaaggt 

2041 atataccatc atgtacagtt gttggtttta gaaagcagat gagcgtccca ctttcaaaat 

2101 tcttctgagc aatattctag atgtcatgga tgaagaatcc tgagctcgcc aataagcttc 

2161 ttggttctac ttctcttctc cacaagcccc aatttcactt tctcagagga aatcccaagc 

2221 ttaggagccc tggagccttt gtgctcccac tcaatacaaa aaggcccctc tctacatctg 

2281 ggaatgcacc tcttctttga ttccctggga tagtggcttc tgagcaaagg ccaagaaatt 

2341 attgtgcctg aaatttcccg agagaattaa gacagactga atttgcgatg aaaatatttt 

2401 ttaggaggga ggatgtaaat agccgcacaa aggggtccaa cagctctttg agtaggcatt 

2461 tggtagagct tgggggtgtg tgtgtggggg tggaccgaat ttggcaagaa tgaaatggtg 

2521 tcataaagat gggaggggag ggtgttttga taaaataaaa ttactagaaa gcttgaaagt 

2581 ct 
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MAAVILE S IFLKRSQQKKKTS PLNFKKRLFLLTVHKLS YYEYDFERGRRGSKKGSIDVEK 

ITCVETVVPEKNPPPERQIPRRGEESSEMEQISIIERFPYPFQVVYDEGPLYVFSPTEEL 

KKRWI HQLKNVIRYNSDLVQKYHPCFVniD GQ YLC C S QTAKNAMGCQ ILENRNGSLKPGS S 

HRKTKKPLPPTPEEDQILKKPLPPEPAAAPVSTSELKKVVALYDYMPMNAOT 

YFILEE SNLPWWRARDKNGQEGYIPSNYVTEAED S IEMYEWYSKHMTRSQAEQLLKQEGK 

EGGF I VRD S SKAGKYTVS VFAKS TGD PQGVIRH YWC S TPQ SQ Y YLAEKHLFS T I PELIN 

YHQHNS AGLI SRLKYPVS QQNKNAP S TAGLG YGSWE ID PKDLTFLKELGTGQFGWKYGK 

WRGQYDVAIKMIKEGSMSEDEFIEEAKVMMNLSHEKLVQLYGVCTKQRPIFI 

CLLNYIJREMRHRFQTQQLIJEMCKDV^ 

GLSRYVLDDEYTSSVGSKFPVRWSPPEVXMYSKFSSKSDIWAFGVLMWEIYS 
FTNSETAEHIAQGLRLYRPHLASEKVYTIMYSCWF 
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1 tttcactgta gaatactggg atcttcagtg gcaggaggag taatcagaag acggagatga 
61 attttaacac tattttggag gagattctta ttaaaaggtc acagcagaaa aagaagacat 
121 cgcccttaaa ctacaaagag agactttttg tacttacaaa gtccatgcta acctactatg 
181 agggtcgagc agagaagaaa tacagaaagg ggtttattga tgtttcaaaa atcaagtgtg 
241 tggaaatagt gaagaatgat gatggtgtca ttccctgtca aaataagtat ccatttcagg 
301 ttgttcatga tgctaacaca ctttacattt ttgcacctag tccacaaagc agggacctgt 
361 gggtgaagaa gttaaaagaa gaaataaaga acaacaataa tattatgatt aaatatcatc 
421 ctaaattctg gacagatgga agttatcagt gttgtagaca aactgaaaaa ttagcacccg 
481 gatgtgaaaa atacaatctt tttgagagca gtataagaaa agcactacct ccagcaccag 
541 aaacaaagaa gcgaaggcct cccccaccaa ttccactaga agaagaagat aatagtgaag 
601 aaatcgttgt agccatgtat gatttccaag cagcagaagg acatgatctc agattagaga 
661 gaggccaaga gtatctcatt ttagaaaaga atgatgttca ttggtggaga gcaagagata 
721 aatatgggaa tgaaggatat atcccaagta attacgtaac gggaaagaaa tcaaacaact 
781 tagatcaata tgaatggtat tgcagaaata tgaatagaag caaggcagag caactcctcc 
841 gcagtgaaga taaagaaggt ggttttatgg taagggattc cagtcaacca ggcttgtaca 
901 cagtctccct ttafcaccaag tttggaggag aaggttcatc gggttttagg cattatcata 
961 taaaggaaac aacaacatct ccaaagaagt attacctagc tgaaaaacat gcttttggct 
1021 ccattcctga gattattgaa tatcataagc acaatgcagc aggacttgtc accaggcttc 
1081 ggtacccagt tagfcgtgaaa gggaagaatg cacccaccac tgcaggattc agctatgaga 
1141 aatgggagat taacccttca gaactgacct ttatgaggga attgggaagt ggactgtttg 
1201 gagtggtgag gcttggcaaa tggcgagccc agtacaaagt cgcaatcaaa gctattcggg 
1261 aaggtgcaat gtgcgaggag gactttatag aagaagctaa agtgatgatg aaactgacac 
1321 acccgaagtt agtgcagctt tatggtgtgt gcacccagca gaaaccaata tacattgtta 
1381 ctgagttcat ggaaaggggc tgccttctga atttcctccg acagagacaa ggtcatttca 
1441 gtagagacgt actgctgagc atgtgtcagg atgtgtgtga agggatggag tatctggaga 
1501 gaaacagctt catccacaga gatctggctg ccagaaattg tctagtaagt gaggcgggag 
1561 ttgtaaaagt atctgatttt ggaatggcca ggtatgttct ggatgatcag tacacaagtt 
1621 cttctggtgc taagtttcct gtgaagtggt gtccacctga agtgtttaat tacagccgct 
1681 tcagcagcaa atcagatgtc tggtcatttg gtgttttaat gtgggaagta ttcacggaag 
1741 gcagaatgcc ttttgaaaaa tacaccaatt atgaagtggt aaccatggtt actcgaggcc 
1801 accgactcta ccagccgaag ttggcgtcca actatgtgta tgaggtgatg ctgagatgtt 
1861 ggcaggagaa accagaggga aggccttctt tcgaagatct gctgcgacaa tagatgaact 
1921 agttgaatgt gaagaaactt ttggaagata agtgatgtgt gaccagtggc tcccagattc 
1981 ccaagcacaa ggaaggatgg gcattttgtg gcttttaatt tattgagcac ttggacatgt 
2041 agatcatttt acttatacag tggaaacaca taaataattt gcttctagac cagcctctgt 
2101 ctagacttgc ttctagacag aatctcccag agtgtggaaa tgttgcctta gaaatggtga 
2161 ttaaaatcac tcatttctat tcattcctca ggcacttgag tgacagttgt ttaccaggca 
2221 ctgtgtgtag ccccagggtt tggccattca ggggtgcaca catgggacca tgttagctga 
2281 tgccagttga aggccagggt atttgggaag gggaagggta ttagagtcat gaccaagcaa 
2341 cccttctttt tccctttgac ttctacagaa atctgggcct cagacattgt ctacaattgg 
2401 gttctagata catcaggaac ccatcttgga taaataaata cctatctttt gttttgaaca 
2461 catctcagtt ttcaagactg ctcttagtat tacagtgacc agtatttgta tgctgtgtct 
2521 cttgtaaata tatataatat ataaagttat atatttatga gaaacacgaa ttgtctttta 
2581 attgaaactt ttaatcctgt agtataggag ttcaccttct taggactaga gactgtgcct 
2641 tatagctgtt aattcatttc cccctgaaca tcaaatatgc ctgaagagaa gaaagtctag 
2701 attcttctat gagtaacgcc ccgctcctca ctcaggtaaa tgtgtctggg gatgcctgtc 
2761 cagcttaacc gacgtgcatt tggcctatgt aatcctgccc atggtggccg cage taa tea 
2821 gaatcagatg gaaaattaaa cgcgggtaat ctacttctaa gecttaagaa tattccctgg 
2881 gacacagaca ctataattgg aagtgctgag ctcrggggca gaaggatcag gtgaccttcg 
2941 eaacaaagtt tgcccccacc tcacatagga cccggaagca gectgagctg tggcggagga 
3001 tccaggaagc tacggagaga agcagccagc atggtgttcc gtgcctcccg gaegttttte 
3061 aggaggectg gttggacttg ggttcctgga tggtgggatt gttgtacagc ctetcaggag 
3121 accctgctgt caagactgtg tgtgtggatt tctcaccctt agaagctcta ctaagacatc 
3181 aaeggaatta gggccttcct ttttgccttg tgagcgccaa ggaaaagaaa etatcteggt 
3241 cacgtgagcg ecagegaaaa gaaactgtat cagtcatcca gagaccgttt attgcccaac 
3301 aegttattet tgctgttggt ggggtaacta gecgaggaag acacagcgcc ttcccttcag 
3361 gagttgcgtc tcctctgcag gecacgatgg tetgetctgg agcattgggt gaacacacag 
3421 getggctget ctggcagcgc cttcactctg accctggaga accatttcat ttcatcctgg 
3481 tcagtctaga gtctgtgcac caggcagtcc atccactgaa ggctgtgttt attcttttcc 
3541 tgtgeccctc ataatggaag aaagtaaaet gcttatcccg agecttatea caa 



Fig. 13 
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MNFNTILEEILIKRSQQKKKTSPLNYKERLFVLT^ 
CVEIVKNDDGVIPCQNKYPFQVVHDANTLYIFAPSPQ 

HPKFWTDGSYQCCRQTEKIAPGCEKYNLFESSIRKALPPAPETKKRRPPPP 

EE I WAMYDFQAAEGHDLRIiERGQE YLILEKNDVHWWRARDKYGNEGYIPSNYVTGKKSN 

NLDQYEWYCRNMNRSKAEQLLRSEDKE GG 

HIKE TTT S PKKYYLAEKHAFGS I PE I IE YHKHNAAGLVTRLRYPVS VKGKNAPTTAGFSY 
EKWEINPSELTFMRELGSGLFGTWRLGKWRAQYKV^ 

THPKLVQLYGVCTQQKPIYIVTEI^ffiRGCLLNFLRQRQGHFSRDVLLSMCQDVCEGMEYL 
ERNSFIHRDIAARNCLVSEAGVVKVSDFGMARYVLDDQYTSS 
RFSSKSDVWSFGVLMWEVFTEGRMPFEKYTNYEVVTM 
CWQEKPE GRP S FEDLLRQ 
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1 cccacagaag aagcgcacgc tgaaggggtc 
61 gattgtgaaa agtgacatca gcatcccatg 
121 tgacaactac ctcctatatg tgtttgctcc 
181 ggcccttaaa gaagaaacga ggaataataa 
241 ctggatggat gggaagtgga ggtgctgttc 
301 ccaatatgat ccaaccaaga atgcttcaaa 
361 caggcgacca ctttgggaac ctgaagaaac 
421 caatgatcct caggaactcg cactgcggcg 
481 tgagattcac tggtggagag tccaggacag 
541 ttatctggtg gaaaaatctc caaataatct 
601 cagccgagac aaagctgaaa aacttctttt 
661 aagggattcc aggactgcag gaacatacac 
721 tgagaacaat ccctgtataa agcattatca 
781 atactatgtg gctgaaaagt atgtgttcga 
841 acataatgga ggaggcctgg tgactcgact 
901 agccccagtt acagcagggc tgagatacgg 
961 ttttgtgcaa gagattggca gtgggcaatt 
1021 caaggacaag gtggctatca aaaccattcg 
1081 agaggaggct gaagtaatga tgaaactctc 
1141 gtgcctggag caggccccca tctgcctggt 
1201 agattatcta cgcacccagc ggggactttt 
1261 ggatgtgtgt gagggcatgg cctacctgga 
1321 tgccagaaat tgtttggtgg gagaaaacca 
1381 aaggttcgtt ctggatgatc agtacaccag 
1441 ggcatcccca gaggttttct ctttcagtcg 
1501 tggtgtgctg atgtgggaag ttttcagtga 
1561 ctcagaggtg gtggaagaca tcagtaccgg 
1621 cacacacgtc taccagatta tgaatcactg 
1681 cttctccaga ctgctgcgtc aactggctga 
1741 gagtaccagg ccacgggctg cagatcctga 
1801 agcattagaa gctgccacca gcccaggacc 
1861 tccctgagtc accatggaag cagcatcctg 
1921 gggtcagcca ccaagctggg agctgagcca 
1981 agcctcttgt cacatgtggt gcacaaacct 
2041 cacttcttag caacagagag agacatgagt 
2101 tttaacatga atctaaagtt tatggttcca 
2161 atcccaggat atggaggcaa ggggaacaaa 



cattgagctc tcccgaatca aatgtgttga 
ccactataaa tacccgtttc aggtggtgca 
agatcgtgag agccggcagc gctgggtgct 
cagtttggtg cctaaatatc atcctaattt 
tcagctggag aagcttgcaa caggctgtgc 
gaagcctctt cctcctactc ctgaagacaa 
tgtggtcatt gccttatatg actaccaaac 
caacgaagag tactgcctgc tggacagttc 
gaatgggcat gaaggatatg taccaagcag 
ggaaacctat gagtggtaca ataagagtat 
ggacacaggc aaagaaggag ccttcatggt 
cgtgtctgtt ttcaccaagg ctgttgtaag 
catcaaggaa acaaatgaca atcctaagcg 
ttccatccct cttctcatca actatcacca 
ccggtatcca gtttgttttg ggaggcagaa 
gaaatgggtg atcgacccct cagagctcac 
tgggttggtg catctgggct actggctcaa 
ggaaggggct atgtcagaag aggacttcat 
tcatcccaaa ctggtgcagc tgtatggggt 
gtttgagttc atggagcacg gctgcctgtc 
tgctgcagag accctgctgg gcatgtgtct 
agaggcatgt gtcatccaca gagacttggc 
agtcatcaag gtgtctgact ttgggatgac 
ttccacaggc accaaattcc cggtgaagtg 
ctatagcagc aagtccgatg tgtggtcatt 
aggcaaaatc ccgtatgaaa accgaagcaa 
atttcggttg tacaagcccc ggctggcctc 
ctggaaagag agaccagaag atcggccagc 
aattgcagaa tcaggacttt agtagagact 
atggaggaag gatatgtcct cattccatag 
ctccagaggc agcctggcct gtggcatcag 
accacagctg gcagtcaagc cacagctgga 
gaacaggagt gatgtctctg cccttcctct 
caacctgaca gctttcagac agcattcttg 
aagacccaga ttgctatttt tattgttatt 
gggacttttt atttgaccca acaacacagt 
gagcatgagt ctttttccaa gaaaactggt 



Fig. 15(a) 
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2221 gagttaagta agattagagt gagtgtgctc tgttgctgtg atgctgtcag ccacagcttc 

2281 ctgccgtaga gaatgataga gcagctgctc acacaggagg ccggatattc tgagaagcag 

2341 ctttatgagg ttttacagag tatgctgcta cctctctcct tgaagggagc atggcgagac 

2401 ccattggatg gattggggtg aacagttcag gtcccatgct tggagcattg ggtatctgat 

2461 gtctgcacca gaacaagaga acctctgacg gtggagaacc atgtggtgca agaagagatc 

2521 ttaggtctct tcttttatac caagctcatc ttttatacca agctgtgcag gtgactatgc 

2581 ctcctcttct gcacagaatg cttccaccag catcctgaga agaaatgatt acttctgaaa 

2641 aacatccttt tttccagcct ctgggaatca gccccccctc tctgcactat ccgatcctca 

2701 tcaacagagg gcagcattgt gttggtcaat gttcccttgg cgagcaattg aaacttgttt 

2761 aggccctagg gttgagcaat tttaaggttg agactccaag tctcctaaaa ttctaggaga 

2821 gaaataaaga gtctgttttt gctcaaacca tcaggatgga aacagtcagg cactgactgg 

2881 ggtgcttcca agaggcatga gagtgcctac tctggcttga gcacttctat atgcaaggtg 

2941 aatatgtact gagctaggag acttccctgc aaaatctctg ttcaccctgg gttcacatcc 

3001 ccatgaggta atattattat tcccatttta caaataatgt aactgaggct ttaaaaagcc 

3061 aagacatctg cccaaagtga tggaactaga aagtctagag ctggtattct agcccaaatc 

3121 tgtctgaccg caatacacag attctttatt cctattcgac actggcttct actgaaaatg 

3181 aaacggattg cagagggaat aaatacaaag atggaaagcc agtaaagaag tcagtataga 

3241 accactagcg aatagtgttg ctctggcaca gaccactgtg gttgatggca tggccctcca 

3301 acttggaata ggattttcct tttcctattc tgtatcctta ccttggtcat gttaatgact 

3361 ttggagttat tcagttaatg accctttaat tctcacaacc aaccagtcat gttgcttgaa 

3421 gccatttata gacgagcttc aaagcaactt taaaagattc ttctgtagaa gtatgagttc 

3481 ttcctttaat tatcattcca actttcagct gtagtcttct tgaacacttc atgaggaggg 

3541 acattccctg atataagaga ggatggtgtt gcaattggct ctttctaaat catgtgacgt 

3601 tttgactggc ttgagattca gatgcataat ttttaattat aattattgtg aagtggagag 

3661 cctcaagata aaactctgtc attcagaaga tgattttact cagcttatcc aaaattatct 

3721 ctgtttactt tttagaattt tgtacattat cttttgggat ccttaattag agatgatttc 

3781 tggaacattc agtctagaaa gaaaacattg gaattgactg atctctgtgg tttggtttag 

3841 aaaattcccc tgtgcatggt attacctttt tcaagctcag attcatctaa tcctcaactg 

3901 tacatgtgta cattcttcac ctcctggtgc cctatcccgc aaaatgggct tcctgcctgg 

3961 tttttctctt ctcacatttt ttaaatggtc ccctgtgttt gtagagaact cccttataca 

4021 gagttttggt tctagtttta tttcgtagat tttgcatttt gtaccttttg agactatgta 

4081 tttatatttg gatcagatgc atatttatta atgtacagtc actgctagtg ttcaaaataa 

4141 aaatgttaca aatacctgtt atcctttgta gagcacacag agttaaaagt tgaatatagc 

4201 aatattaaag ctgcatttta a 
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PQKKRTLKGS IELSRIKCVE IVKSDI S I PCH YKYPFQWHDNYLLYVFAPDRESRQRWVL 
ALKEETPJ^mSLVPKYHPNFWMDGKWRCCSQLEKLATGCAQYDPTKNASKKPLPPTPEDN 
RRPLWEPEETWIALYDYQTNDPQELALRRNEEYCIJjDSSEIHWWRVQDRNGHEGYVPSS 
YLVEKS PNNLE T YEWYNKS I SRDKAEKLLLD TGKEGAFMVRD SRTAGTYTVS VFTKAWS 
EKNPCIKHYHIKETNDNPKRYYVAEKYVFDS IPLLINYHQHNGGGLVTRLRYPVCFGRQK 
APVTAGLRYGKWVIDPSELTFVQEIGSGQFGLVHLGYWLNKDKVAIKTIREGAMSEEDPI 

eeaev»mfxshpklvqlygvcleqapiclvfefmehgclsdylrtqrglfaaetllgik:l 

DVCEGMAYI^EACVIHRDLAAP^CLVGENQVIKVSDFGMTRFVIJDDQYTSSTGTKFPVKW 

ASPEVFSFSRYSSKSDVWSFGVLMWEVFSEGKIPYEimSNSEVVEDISTGFRLYKPRLAS 
THVYQ IMNHCWKERPEDRPAFSRLLRQLAE IAE SGL 



MILSSYNTIQ SVFCCCCCCS VQKRQMRTQI SLSTDEELPE KYTQRRRPWL 
SQLSNKKQSN TGRVQPSKRK PLPPLPPSEV AEEKIQVKAL YDFLPREPCN 
LALRRAEEYL ILEKYNPHWW KARDRLGNEG LIPSNYVTEN KITNLEIYEW 
DHRNITRNQA EHLLRQESKE GAFIVRDSRH LGSYTISVFM GARRSTEAAI 
KHYQIKKNDS GQWYVAERHA FQSIPELIWY HQHNAAGLMT RLRYPVGLMG 
SCLPATAGFS YEKWEIDPSE LAFIKEIGSG QFGWHLGEW RSHIQVAIKA 
INEGSMSEED FIEEAKVMMK LSHSKLVQLY GVCIQRKPLY IVTEFMENGC 
LLNYLRENXX XXXXXXXXXX XXXXXXXXXX XXXXXXXXXX XXXXXAARNC 
LVSSTCIVKI SDFGMTRYVL DDEYVSSFGA KFPIKWSPPE VFLFNKYSSK 
SDVWSFGVLM WEVFTEGKMP FENKSNLQW EAISEGFRLY RPHLAPMSIY 
EVMYSCWHEK PEGRPTFAEL LRAVTEIAET W 
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1 gcaagcacgg aacaagctga gacggatgat aatatggata caaaatctat tctagaagaa 

61 cttcttctca aaagatcaca gcaaaagaag aaaatgtcac caaataatta caaagaacgg 

121 ctttttgttt tgaccaaaac aaacctttcc tactatgaat atgacaaaat gaaaaggggc 

181 agcagaaaag gatccattga aattaagaaa atcagatgtg tggagaaagt aaatctcgag 

241 gagcagacgc ctgtagagag acagtaccca tttcagattg tctataaaga tgggcttctc 

301 tatgtctatg catcaaatga agagagccga agtcagtggt tgaaagcatt acaaaaagag 

361 ataaggggta acccccacct gctggtcaag taccatagtg ggttcttcgt ggacgggaag 

421 ttcctgtgtt gccagcagag ctgtaaagca gccccaggat gtaccctctg ggaagcatat 

481 gctaatctgc atactgcagt caatgaagag aaacacagag ttcccacctt cccagacaga 

541 gtgctgaaga tacctcgggc agttcctgtt ctcaaaatgg atgcaccatc ttcaagtacc 

601 actctagccc aatatgacaa cgaatcaaag aaaaactatg gctcccagcc accatcttca 

661 agtaccagtc tagcgcaata tgacagcaac tcaaagaaaa tctatggctc ccagccaaac 

721 ttcaacatgc agtatattcc aagggaagac ttccctgact, ggtggcaagt aagaaaactg 

781 aaaagtagca gcagcagtga agatgttgca agcagtaacc aaaaagaaag aaatgtgaat 

841 cacaccacct caaagatttc atgggaattc cctgagtcaa gttcatctga agaagaggaa 

901 aacctggatg attatgactg gtttgctggt aacatctcca gatcacaatc tgaacagtta 

961 ctcagacaaa agggaaaaga aggagcattt atggttagaa attcgagcca agtgggaatg 

1021 tacacagtgt ccttatttag taaggctgtg aatgataaaa aaggaactgt caaacattac 

1081 cacgtgcata caaatgctga gaacaaatta tacctggcag aaaactactg ttttgattcc 

1141 attccaaagc ttattcatta tcatcaacac aattcagcag gcatgatcac acggctccgc 

1201 caccctgtgt caacaaaggc caacaaggtc cccgactctg tgtccctggg aaatggaatc 

1261 tgggaactga aaagagaaga gattaccttg ttgaaggagc tgggaagtgg ccagtttgga 

1321 gtggtccagc tgggcaagtg gaaggggcag tatgatgttg ctgttaagat gatcaaggag 

1381 ggctccatgt cagaagatga attctttcag gaggcccaga ctatgatgaa actcagccat 

1441 cccaagctgg ttaaattcta tggagtgtgt tcaaaggaat accccatata catagtgact 

1501 gaatatataa gcaatggctg cttgctgaat tacctgagga gtcacggaaa aggacttgaa 

1561 ccttcccagc tcttagasLat gtgctacgat gtctgtgaag gcatggcctt cttggagagt 

1621 caccaattca tacaccggga cttggctgct cgtaactgct tggtggacag agatctctgt 

1681 gtgaaagtat ctgactttgg aatgacaagg tatgttcttg atgaccagta tgtcagttca 

1741 gtcggaacaa agtttccagt caagtggtca gctccagagg tgtttcatta cttcaaatac 

1801 agcagcaagt cagacgtatg ggcatttggg atcctgatgt gggaggtgtt cagcctgggg 

1861 aagcagccct atgacttgta tgacaactcc caggtggttc tgaaggtctc ccagggccac 

1921 aggctttacc ggccccacct ggcatcggac accatctacc agatcatgta cagctgctgg 

1981 cacgagcttc cagaaaagcg tcccacattt cagcaactcc tgtcttccat tgaaccactt 

2041 cgggaaaaag acaagcattg aagaagaaat taggagtgct gataagaatg aatatagatg 

2101 ctggccagca ttttcattca ttttaaggaa agtagcaagg cataatgtaa tttagctagt 

2161 ttttaatagt gttctctgta ttgtctatta tttagaaatg aacaaggcag gaaacaaaag 

2221 attcccttga aatttagatc aaattagtaa ttttgtttat gctgctcctg atataacact 

2281 ttccagccta tagcagaagc acattttcag actgcaatat agagactgtg ttcatgtgta 

2341 aagactgagc agaactgaaa aattacttat tggatattea ttcttttctt tatattgtca 

2401 ttgtcacaac aattaaatat actaccaagt acagaaatgt ggacatttg 
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